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PREFACE 



The object of the ''Hindu Astronomical and Mathematical Texts 
Series" is to bring out authoritative and critical editions of important 
unpublished works dealing with ancient Indian astronomy and mathema- 
tics. The present edition of ^ndharacSrya's Pattganita is No. 2 of this series. 
The works of BMskara I of the seventh century A. D., which throw light 
on the astronomy and mathematics of the sixth and seventh centuries 
A. D. in India, are in press and will appear shortly as Nos. 3-6 of 
this Series. 

The idea of bringing out the above series is due to Dr A. N. Singh, 
late Professor of Mathematics, Lucknow University. Soon after the 
publication of the monumental History of Hindu Mathematics, Vol.11, 
he organised a scheme of research in the history of Hindu mathematics 
and astronomy in the Department of Mathematics, Lucknow University, 
with the object of collecting, studying and editing important works on 
Hindu mathematics and astronomy- Under his able guidance remarkable 
progress was made in this direction and a number of manuscripts were 
acquired, studied, and edited. In 1954 he submitted to the Government 
of the Uttar Pradesh a detailed plan for the publication of the work 
carried out under the above scheme of research in a series to be called 
the "Hindu Astronomical and Mathematical Texts Series." The plan 
was approved by the Government and a sum of Rs. 1000/- was sanctioned 
in the name of the Bharata Ganita Parisad to undertake the publication 
of the Series. In the year 1955 the Government of the Uttar Pradesh 
was generous enough to sanction the remaining sum of Rs. 9000/- to the 
department of Mathematics and Astronomy, Lucknow University, for the 
said publication. 

The schem? of research in the history of Indian mathematics and 
astronomy referred to above has been financed by the Government of the 
Uttar Pradesh through the kind help of Dr Sampurnanand, its then 
Education Minister, for which we express our sincere thanks to them. We. 
are especially grateful to Dr Sampurnanand who, a great scholar of 
Jyotisa as he himself is, has been taking keen interest in the progress of 
this research and helping us with necessary funds and encouragement from 
time to time. 

R. Ballabh 
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INTRODUCTION 

1. The present work contains the Sanskrit text of 
Sridharacarya's Patfganita along with an ancient Sanskrit 
commentary and an English translation with relevant notes 
and comments. Sridharacarya's Pattganila deals with 
arithmetic and mensuration and is the author's bigger work 
on the subject. The existence of this work was known to 
earlier scholars working in the field of Hindu Mathematics, 
such as Sudhakara Dvivedi and S.B. Diksita, from the author's 
own allusion to this work in the opening stanza of his smaller 

WC W SUbjCCt ' Whkh Was edited h r Sudhakara Dvivedi 
m A.D. under the name of Trisatika, but it was not 
available to them either in manuscript or in print. Although 
a manuscript of this work existed in the Raghunatha Temple 
^ibiary at Jammu, it remained unnoticed by the early 
scholars. The late Dr A. N. Singh was the first to discover 
m this manuscript the text of Sridharacarya's bigger work on 
anth m et lc and mensuration. While consulting the Catalogue 
of the above-mentioned Library, he came across a manuscript 
which was noticed as follows : i 

Manuscript Number 3074 

Name of Work PStiganita-tlka 

Name of Author ^ridharacarya 

Number of leaves 157 

Lines per page 9 

Syllables per line 44 
Time of writing the manuscript — 

Remarks-Incomplete. Modern Kashmir script. Name- 
of commentator unknown. 
Thinking that it might be a manuscript of Sridharacarya's 
bigger workor^ arithmetic and mensuration, he ordered a 

IM^ar)fni^^^£^u Sa ^^^ riptsin the ^i^natha Temple 

ffist£';^?{&%%rt5? Jammu md Kashmir > prepared b * 
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copy of that manuscript. When the copy was received and 
examined, his conjecture came out to be true. The occur- 
rence in the manuscript of the verses which were ascribed 
by the later writers to Sridharacarya's Patlganita proved 
beyond doubt that it was the manuscript of the very same 
work. This is how the manuscript of the present work was 
discovered. 

Soon after the discovery of this important manuscript, 
I joined Dr. Singh in his researches on Hindu Mathematics. 
Both of us felt the necessity of publishing this manuscript, but 
as the manuscript was incomplete and suffered from errors 
and inaccuracies, it was considered advisable to wait for some 
time for the discovery of another complete and better manu- 
script. We waited, but inspite of our best efforts in this 
direction another manuscript could not be traced. We there- 
fore decided to edit the available manuscript, however incom- 
plete and defective it was. Due to other work in hand, 
however, the task of editing this manuscript could not 
be undertaken during the lifetime of Dr Singh. Although 
the text of the manuscript was already studied by the present 
editor during 1948-49 while helping Dr Sabal Singh of 
Balwant Rajput College, Agra, in writing his thesis on 
Sridhapacarya, the regular work of editing the manuscript 
was started only in July, 1957. 

We have seen above that the available manuscript is in- 
complete. Let us now describe it more fully. It starts with 
an invocation to God GaneSa, Lord of Success, by the commen- 
tator, and runs up to the twenty-third verse of the Ksetra- 
vyavahara ('Determinations pertaining to plain figures'). The 
available portion of the work comprises the following topics : 

(1) Definitions, (2) Logistics (parikarma ), (3) Deter- 
minations pertaining to mixtures of things (misraka-vyavahard), 

(4) Determinations pertaining to series (sredhl-vyavahard), and 

(5) Determinations pertaining to plain figures (k$etra-vyavakara) y 
the last topic being incomplete. 
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The following topics, though mentioned by the author 
in the list of contents, are totally missing from the manuscript : 

(1) Determinations pertaining to excavations (Jckata- 
vyavahara), (2) Determinations pertaining to piles of bricks 
(citi-vyavahara), (3) Determinations pertaining to sawn pieces 
of timber (krakaca-vjiavahara), (4) Determinations pertaining 
to heaps of grain (raU-vyavahdrd) t (5) Determinations pertain- 
ing to shadow (chaya-uyavahara), and (6) The mathematics of 
zero (Junya-tatva). 

The available text of the Pattganita comprises altogether 
251 verses, of which 118 contain definitions and rules and 
133 contain examples. 

The manuscript is fairly complete in so far as it goes. 
A serious lacuna, however, occurs after verses 18-20 embodying 
rules for multiplication, which extends over the entire com- 
mentary to those three verses and also over the following exam- 
ple and part of the commentary to that example. There was, 
however, little difficulty in substituting the missing example 
from the author's smaller work on the subject. The surviving 
commentary to the missing example was sufficient to indicate 
which example it was. Thus inspite of the above-mentioned 
lacuna little damage was caused to the text of the Pattganita, 
only a little portion of the commentary was lost. 

The editing of an ancient Sanskrit work on the basis of 
of a single manuscript, especially when it is full of errors and 
inaccuracies, is indeed a difficult task. In editing the above 
manuscript we have followed the principle of least interference 
and have aimed at removing the defects of the manuscript 
by making as few alterations as possible. With this end in 
view we had to read the manuscript several times to find the 
correct meaning of the text so as to be able to ascertain the 
nearest substitutes for the incorrect words or phrases occurring 
in the manuscript. As far as the numerical figures were con- 
cerned there was not much difficulty in rectifying them, as 
they could be verified mathematically. In the case of non- 
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mathematical words or phrases, where we had to face some 
difficulty., we were guided by the criterion of relevance and 
appropriateness. Where alterations and modifications have 
been made, the original readings have been given in the foot- 
notes, so that the interested reader may himself decide the 
appropriateness of the alterations and modifications made by 
us. Whenever missing or explanatory words have been inser- 
ted, they have been enclosed within small brackets ( ). ^ 
Portions of the commentary which appeared to us irrelevant 
have been enclosed within square brackets [ ] . 

The verses of the text were not numbered in the manu- 
script. But for the facility of reference we felt the desirability 
of numbering them. Here also we had to face some difficulty. 
We found that verses containing examples were in many cases 
lying between parts of verses containing rules, and further 
that the two types of verses were not in the same metre, so 
that it was impossible to provide a continuous numbering to 
the whole text. We had therefore to number the verses con- 
taining examples separately from these containing definitions 
and rules, as Sudhakara Dvivedi had done in numbering the 
verses of the Trisatika. To distinguish the two types of 
verses and their numbering we have got them printed in 
different points. 

For our English-knowing readers, who are not versed in 
Sanskrit, we have rendered the whole text of the Patlganita 
into English. Here we have aimed at giving as far as possible 
a literal version of the text. Technical terms which have 
their English equivalents have been translated into English ; 
others have been kept as they are and have been explained. 
The portions of the English translation enclosed within 
brackets do not occur in the text and have been given in the 
translation to make it understandable, and are at places expla- 
natory. Without these portions the translation at places would 
appear meaningless to the reader who cannot consult the 
original for lack of knowledge of Sanskrit. We have tried our 
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best to keep the spirit of the original and have as far as possible 
not altered the sequence in the translation. 

The translation to each rule is preceded by a sentence 
or two giving in brief the contents of the rule and is followed, 
where necessary, by relevant notes and comments. Parallel 
rules and examples found in other available works on Hindu 
mathematics have been indicated in the footnotes. Headings 
and sub-headings have been provided to facilitate consulta- 
tion. 

2. PATIGANITA. Patlganita is the name given to that 
branch of Hindu Mathematics which deals with arithmetic 
and mensuration. It is believed that this subject attained an 
independent status sometime before the beginning of the 
Christian era, when arithmetic became a separate subject and 
geometry, which formerly belonged to a separate group of 
Sciences, viz., the Kalpasutra, came to be incorporated with it. 1 
The earliest work exclusively dealing with this subject which 
has come down to us is the fragmentary manuscript known as 
the Bakhshalt Manuscript* (text composed about 200 A.D.), which 
was discovered in 1881 A.D., at Bakhshali, a village near the 
city of Peshawar in the north-west of India, in course of ex- 
cavation by a farmer. This work shows beyond all doubt that 
by the third century A.D., when uts text was composed, the 
subject of Paftgantia was already in a state of maturity. 

There are references to a number of other works on the 
subject which were in use in the fifth and sixth centuries in 
India. Bhaskara I (629 A.D.) refers to the works of Maskari 
Purana, Mudgala, Patana, and others, which were exclusively 
devoted to the subject of Patlganita, In the Aryabhatlya of 
Aryabhata I (b. 476 A.D.), written about the end of the 
fift^cemui7j\.D., there is a chapter which deals with 

r j- \F- ee ?"" ?« tta * ' The Sco P e and Development of the Hindu Ganita ' 
Indtan ^arQuarJerly, Vol. V, No. 3, Sept. P 1929, pp. 47^12 * ' 

by G R Kave P^^'jfr " Mediaeval Mathematics. Edited 

*>y O. R. Kaye. Parts I and II, Calcutta ( 1927). Part III, Delhi (1933). 
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mathematics and is called Ganita-pada, but this is too brief 
and does not give a clear idea of the state of mathematical 
knowledge in India in those times. According to Bhaskara I, 
the most competent scholiast of Aryabhata I, the subject- 
matter discussed bv Aryabhata I in his Ganita-pada hardly 
deserves the name mathematics {ganita). He has preferred to call 
it ' a bit of mathematics/ He writes : "In the Ganita-pada 
the Acarya (Aryabhata) has dealt with the subject of mathe- 
matics {ganita) by indications only, whereas in the Kalakriya- 
pada and Gola-pada 1 he has discussed 'reckoning with time* 
(kalakriya) and 'spherical astronomy' (gola) in detail. So by 
the word ganita (used by Aryabhata) one must understand 'a 
bit of mathematics.' Otherwise, the subject of mathematics is 
vast. There are eight vyavaharas (determinations), mi'sraka 
(mixtures), sredhi (series), ksetra (plane figures), khata (excava- 
tions), ciii (piles of bricks), krakacika (saw problems) and chaya 
(shadow). The misraka is that which involves the mixture of 
several things. The sredhi is that which has a beginning (i.e., 
first term) and an increase (i.e., common difference). The 
ksetra tells us how to calculate the area of a figure having 
several angles. The khata enable us to know the volumes of 
excavations. The citi tells us the measure of a pile in terms 
of bricks. The krakacika : The krakaca (saw) is a tool which 
saws timber ; that which relates to the sawing of timber, i.e., 
that which tells the measure of the timber sawn, is called 
krakacika (vyavahara). The rasi tells us the amount of a heap 
of grain, etc. The chaya tells us the time from the shadow of 
a gnomon, etc. Of the vyavahara-ganita (practical or commer- 
cial mathematics, i.e., patiganita), which is thus of eight 
varieties, there are four Mjas, viz., first, second, third, and 
fourth, i.e. s yavattauat ('theory of the simple equation'), vargavarga 
('theory of the quadratic equation'), ghanaghana ('theory of the 
cubic equation'), and visama ('theory of the equations with 
several unknowns'). Rules and examples pertaining to each 
one of these have been compiled (in independent works) by 

1 These are the names of chapters three and four of the Aryabhatya. 
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Professors Maskari Purana, Mudgala, and others. How can 
that be stated by the Acarya (Aryabhata) in a small work (like 
the Aryabhatpa) ? So we have rightly said *a bit of mathema- 
tics.* " 1 The works of Maskari Purana and Mudgala referred 
io above have not survived the ravages of time, but from what 
Bhaskara I says about them they must have been exclusively 
devoted to patlganita and algebra. Some of them might have 
existed before the time of Aryabhata I. Bhaskara I has 
quoted a numbers of arithmetical rules from those works, 
which tend to show that early works on arithmetic, though 
generally of the same nature as later works, now available to 
us, had the special peculiarity of including rules for verifying 
the results of calculation. Those who have had the opportu- 
nity of going through the Bakhskall Manuscript must have 
noted that varification forms an intrinsic part of solutions given 
in that manuscript. In the Aryabhatiya, too, we find a rule 
meant for the verification of areas of plane figures. (See 
J, ii. 9(i)). Bhaskara I has also sometimes verified his solutions. 
In later works we seldom come across any rules dealing with 
the verification of answers. 

There is another important Hindu mathematician, 
Skandasena by name, who lived prior to the ninth century 
A.D. Prthudakasvami (860 A.D.) has referred to this 
mathematician three times in his commentary on Chapter XII 
of the Brahma-sphuta-siddhanta of Brahmagupta. He has made 
the following remarks in connection with that mathematician : 

(1) "The sum (of the series) which Acarya Skandasena 
has interpreted with the help of a series-figure Qredhi) is meant 
to illustrate the figure (of the series)." 2 

* 

(2) "The Acarya (Brahmagupta) has stated here only 
five varieties (of fractions). The sixth variety has been omitted, 
as it consists of the rest and is therefore virtually taught. It 

1 Bh&skata I's comm. on A 9 i, 1. 
See Prthudakasv&turs comm. on BrSpSi, xii. 2. 
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has been given by Skandasena and others under the name of 
bhagamata" 1 

(3) "This method (of multiplication) by parts is taught 
by Skandasena and others. In like manner the other methods 
of multiplication such as tatslha and kapata-sandhi, taught by the 
same authors, may be inferred by the students' own ingenuity.'" 

These references to Skandasena are of great historical 
importance, as they show that the methods of multiplication 
known as kapata-sandhi ('door- junction method'), tatstha, and 
khanda ('multiplication by parts'), as well as the mixed fractions 
called bhagamata occurred also in early works on Hindu path 
ganita. We also learn that the geometrical interpretation of an 
arithmetic series with the help of a series-figure which has been 
explained in detail in Sridharacarya's Patlganita (See Rules 
79-84) is due to Skandasena or some earlier mathematician 
and not to Sridhaiacarya. 

The works of the mathematicians Skandasena and others 
mentioned by Prthudakasvami are lost, and we are not in a 
position to say anything regarding them with definiteness. 
We have, however, recently discovered the following lines in a 
palm-leaf manuscript of a work on mathematics, entitled 
Ganitavall, which indicate that the works of Skandasena and 
other early writers were generally found to be difficult and 
unintelligible by the people : 

srfaiTSTfr 5iTs*rftTf §sffarfiT 

\ *^*mrfefw*HT rrn fcT WiTTI^fcr I See Prthudakasv&mi's comm. 
on BrSpSi, xii. 9 

* See Prthudakasv&mi's comm. on BrSpSi, xii. 55. 

8 See A' Descriptive Catalogue of the Sanskrit Manuscripts in the Collections 
of the Royal Asiatic Society of Bengal, Calcutta (1945), p. 80, Ms. No. 6924, 
Ganitavall, verses 9- 1 1 (i). 
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i.e., "The woiks which were written in the past by Skandasena 
and others are very difficult and unintelligible and are 
nowhere seen to be in practice now. Therefore, leaving aside 
the difficult and out-of-use methods, I shall say the methods 
which are in practice even now in their proper sequence." 

The following works written during the eighth and 
ninth centuries are also now lost : 

(1) The Patlganita of Lalla (8th century A.D.) 

Quotations from this work occur in Bhaskara IPs 
commentary on the Siddhanta-sirotnani 1 and in the 
Ganita-Kaumudt* of Narayana (1356 A.D.). 

(2) The Siddhanta-tilaka of Lalla (8th century A.D.) 

This work was similar to the Brahma-sphuta-siddhZrtta 
of Brahmagupta, and contained chapters on 
arithmetic and algebra. Quotations from this 
work occur in the commentaries of Ramakrsna 
Aradhya (1472 A.D.) and Yallaya (1480 A D.) 
on the Surya-siddhanta, 

(3) The Govindakrti of Govinda (9th century A.D.) 

This work, written as a sequel to the Aryabhattya of 
Aryabhata I, was also similar to the Brakma-sphuta- 
siddhania of Brahmagupta, and contained chapters 
on arithmetic and mensuration. Quotations from 
this work are found to occur in the commentaries of 
Sankaranarayana (869 A.D.) and Udayadivakara 
(1073 A D.) on the Laghu-BhBskarlya of Bhaskara 
I, and in Nilakantha's commentary on the Arya- 
bhattya. The author Govinda was a teacher of 
Sankaranarayana. 

* Bhw>anakosa t w. 54-57 (comm.) 
« II, p. 175. 
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At present we are in possession of the following works 
on arithmetic and mensuration : 

(1) The Ganita-sara-sahgraha of Mahavira (850 A.D.) 

(2) The Patiganita and the Patiganita-sara (or Trisatika) 
- ofSridharacarya. 1 

(3) The Ganita-tUaka of Siipati (1039 AD.). Incomplete. 

(4) The Lllavatl of Bhaskara II (1150 A.D.) 

(5) The Ganita-kaumudl of Narayana (1356 A.D.) 

We also possess the following astronomical works 
which deal with arithmetic and mensuration in one of the 
chapters: 

(1) The Brahma-sphuta-siddhZnta of Brahmagupta (628 
' A.D.), of which the twelfth chapter, entitled Ganitadhyaya, 

deals with arithmetic and mensuration. 

(2) The Maha-siddhanta of Aryabhata II (c. 950 A.D.), 
of which the fifteenth chapter, entitled Patiganita, is devoted 
to arithmetic and mensuration. 

(3) The Siddhanta-sekhara of Sripati (1039 A.D.), of which 
the thirteenth chapter, entitled Vyakta-ganitadhyaya, is devoted 
to arithmetic and mensuration. 

The above works (or chapters) are broadly divided into 
two sections, logistics (parikarma) and determinations (vyava- 
hara). The logistics comprise the fundamental operations of 
arithmetic and other important methods or processes of calcu- 
lation. The determinations relate to topics of commercial 
or general interest. In the case of each topic we have a rule 
or a set of rules followed by one or more examples. In astro- 
nomical works which partly deal with the subject, only rules 
are given, and there are no examples, 

l Wc have shown later that Sndharfcc&rya lived sometime between 
Mahfivira (850 A.D.) and Aryabhata II (c. 950 A.D.) 
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According to Brahmagupta there are twenty logistics 
and eight determinations. He says : 

"He who distinctly and severally knows the twenty 
logistics, addition, etc., and the eight determinations ending 
with shadow, is a mathematician." 1 

The twenty logistics, according to Brahmagupta's com- 
mentator, Prthudakasvami, are : (1) sahkalita (addition), (2) 
vyavakalita (subtraction), (3) pratyutpanna (multiplication), (4) 
bhagahara (division), (5) varga (square), (6) varga-mula (square 
root), (7) ghana (cube), (8) gkam-mMa (cube root), (9-13) 
panca-jatayah (five varieties of reduction of fractions), (14) 
trairasika (rule 6f three), (15) vyasta-trairasika (inverse rule of 
three), (16) panca-rasika (rule of five), (17) sapta-rasika (rule 
of seven), (18) nava^rasika (rule of nine), (19) ekadasa-rahka 
(rule of eleven), and (20) bhanda-pratibhunda (barter of com- 
modities). The eight determinations are: (1) misraka 
(mixtures), (2) sredht (series), (3) hetra (plane figures), (4) 
khata (excavations), (5) citi (piles of bricks), (6) krakacika 
(saw problems), (7) rasi (heaps or mounds of grain), and (8) 
chaya (shadow). 

More or less the same topics have been recognized by 
the other writers also. 

3. WORKS OF SRIDHARACARYA. Sridharac&rya 
is the only author who wrote two works dealing exclusively 
with arithmetic and mensuration, viz., the Patlganita and the 
Patiganita-sara ('Abstract of the Pattganitcty These names 
were given to those works by the author himself. For in the 
opening stanza of the former, he says : 

"Having paid obeisance to the Unborn God, the cause 
of creation, preservation, and destruction of the worlds, I shall 
briefly state the (patt)ganita for the use of tfce people." 

And in the opening stanza of the latter, he pays : 

i BrSpSi, xii. 1. 
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"Sridharacarya, having bowed to God Siva, tells the 
essence ofganita as extracted from the Patt(ganitd) composed 
by himself for the use of the people." 

Later writers have sometimes called the Pattganita by the 
name Brhatpatt ('Bigger Patf, or 'Bigger Work on Patlganita') 
to distinguish it from the smaller work of the author. Thus 
Raghavabhatta (1493 A.D.) in his commentary, entitled 
Padarthadarsa, on the Saradatilaka, referring to the two works 
of Sridharacarya, writes : 

< t «iMi fiw $hft wti ^nfq - 'qjsrrswspjw^ i era vnnsi Mtercwfr. 
% 3ft*mm ptstt arfa sr^m ^ri: i erf -w&nit ^T^-faq- tot 

SOT ^fTRTT^ff I ^ ^trf*?fcT ^TCT 3R=RF Wfwf WIS i 1 

Some writers on the other hand, have called the Patt- 
ganita by the name of Navahtl ( C A collection of 900 verses'), 
which shows that this work comprised about 900 verses. The 
earliest reference to this name occurs in Makkibhatta's com- 
mentary (1377 A.D.) on the Siddhanta-sekkara of Sripati. 

In contradistinction to the name Navasatt given to the 
bigger work, the smaller work (viz. Patiganita-sara) is called by 
later writers by the name Trisati or Trisatika ('A collection 
of 300 verses'). The name Trisati occurs in the commentary 
by Simhatilaka Suri (1215 A.D.) on the Ganita-tilaka of Sripati,* 
in the commentary by Raghavabhatta (1493 A.D.) on the 
Saradatilaka 9 , and in the colophons to some manuscripts of 

1 See Saradatilakam by Laksmanade^ikendra, with the Padarthadarsa 
commentary by RSghavabhatta. 'Edited by Mukunda Jha Bakshi, Banaras 
(1934), pages 98-99 (comm.)'." 

8 Ganita-tilaka by Sripati, with the commentary of Simhatilaka Suri, 
edited by H. R. KSpadaS, Baroda Oriental Institute (1937), pp. 4, 9, 11, 
17, and 39. 

* See the passage quoted above. 
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that work. The name Trisaiika occurs in the colophon to a 
manuscript occurring in the Central Library, Baroda. 

The Patlganita-sara has also been called by the abridged 
names Pati-sara or Ganita-sara. But these names are generally 
found in the manuscripts of that work. 1 

Besides the two works mentioned above, one more work 
dealing with algebra, is attributed to Sridharacarya. The 
celebrated Bhaskaracarya", the author of the Ltlavatl, while 
commenting on his Bijaganita, quotes the following rule, deal- 
ing with the solution of the quadratic equation, from the 
algebraical work of Sridharacarya : 3 

arsq^m^fwl <rcft ^ urn if 

i.e., "multiply both the sides (of the quadratic equation 
ax*+bx~c) by a known quantity equal to four times the co- 
efficient of the square of the unknown ; add to both sides a 
known quantity equal to the square of the (original) coefficient 
of the unknown ; then extract the square root." 

In a concluding stanza to his Bijaganita, Bhaskaracarya 
says : , . . 

<c As the works on algebra *of Brahmagupta, Sridhara, 
and Padmanabha are very extensive, so for the satisfaction of 

1 According to S. B. Diksita, reference to Ganitasara is made by 
Narapati (1175 A.D.) in his Narapati-jayacarya. See S. B. Dlksita, Bharatiya 
Jyotha'sastra (in Marathi), Second Edition, Poona (1931), p. 476 

• Also called Bhfiskara II. 

8 See Bhfiskara IPs Bjaganita (Banaras Sanskrit Series), p. 61. 

This quotation occurs also in the Bijaganita of JnSnarSja (1503) and 
in Suryad&sa's (1541) commentary on Bhfiskara IPs Bijaganita. 

Krsna (c. 1 580) and Ramakrsna (c. 1648), have also quoted the 
above verse in their commentaries on Bhfiskara IPs Bijaganita. But 
according to them, the second line of the verse should be 

i.e., "add to them known quantities equal to the square of the original 
coefficient of the unknown." 

See B. Datta and A. N. Singh, History of Hindu Mathematics,. Part II, 
Lahore (1938), p. 65, footnote. 
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the students I have taken the essence of those works and com- 
piled this small work with demonstrations." 1 

This shows that Sridharacarya's Btjaganita was an ex- 
tensive work on the subject. 

Other works ascribed to Sridharacarya 

Sudhakara Dvivedi* thought mat Sridharacarya was the 
same person as the author of the philosophical work, the Nyaya- 
kandali (written in 991 A.D.), and" of the astrological work, the 
Jataka-paddhati*. S. B. Diksita* also took him to be the same 
person as the author of the Jataka-paddhati. Unfortunately 
there is no definite evidence to identify Sridharacarya with 
the author of either of the above two works. There is, how- 
ever, some likelihood that the authors of the Trisatika and the 
• Jataka-Paddhati were one and the same person. For Visnu 
£>arma B (c. 1363 A.D.), in his commentary on the Vidyama- 
dhav\ya> while quoting from the Trisatika and the Jataka- 
Paddhati, does not differentiate between the authors of the two 
works, and refers to both of them by the name of Sridhara. 

N. C. Jaina 6 , presuming that Sridharacarya was a Jaina, 
identified him with the authors of the following works : 

(i) Jataka-tilaka (in Kannada), written in 1049 A.D. 

(ii) Ltiavati (in Kannada), written after 1150 A.D. 

* See SudhSkara Dvivedi, Ganaka-tarafigim (or Lives of Hindu Astro- 
nomers), Banaias (1933), pp. 22, 24. 

* The date of this work is not known, but it was written earlier than 

the Jataka-paddhati of Snpati ( 1 039 A.D ). 

4 See S. B. Diksita, /. c, p. 312. 

5 See Vidyamad'havlyam by Vidyamadhava. Edited with the commen- 
tary, entitled Muhurta tfipika, of Visnu &arma by R, Shamasastry, Mysore 
(1923, 1925, 1926). 

* SeeN. G. Jaina, ' Sridharacarya', Jaina-Siddhemta-Bhaskara t Vol. 14. 

No. ?, pp. 31-42. Also see S, &rikamha Sastrf, 'The date of Sridharacarya', 
The Jaina Antiquary, Vol. XIII, No. 2, pp. 12-17, for the criticism of N. C. 
Jama's views. 
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(iii) Jyotirjnana-vidhi* or ^rlkaram^ written in 799 A.D. 

But we have shown below that Sridhar£carya was a 
Saivite Hindu, not a Jaina, and that he lived sometime bet- 
ween Mahavira (850 A.D.) and Aryabhata II (c 950 A.D.) 
So he cannot be taken to be the author of any of these works. 

3-1. The Patigansta. The Patiganita aims at provid 
ing a complete course of arithmetic and mensuration to 
cater the needs of both students and businessmen. It is 
divided as usual into two main sections, viz., logistics and 
determinations. The author gives in the beginning of the 
work the names of the twenty-nine logistics and the nine 
determinations which he proposes to deal with in this work. 
These are as follows : 

Logistics : (1) sahk&lita (addition), (2) vyvakalita (subtrac- 
tion, (3) prafyuipanna (multiplication), (4) bhagafmra (division), 
(5) varga (square), (6) varga-mula (square root), (7) ghana 
(cube), ghana-mula (cube root), (9-16) the same operations 
for fractions, (17-22) kalasavarna (reduction of fractions of six 
varieties), (23) trairasika (rule of three), (24) \ vyasta-trairasika 
(inverse rule of three), (25) panca-rasika (rule of five), (26) 
sapta-raHka (rule of seven), (27) nava-rasika (rule of nine), (28) 
bhdnda-pratibhanda (barter of commodities), and (.29) jlva-vikraya 
(sale of living beings). 

Determinations : (1) misraka (mixtures), (2) sredhl (series), 
(3) ksetra (plane figures). (4) khata (excavations), (5) citi (piles 
of bricks), (6) krakaca (sawn pieces of timber), (7) rasi (heaps 
or mounds of grain), (8) chaya (shadow), and (9) sunya-tatva 
(the mathematics of zero). 

Of the above twenty-nine logistics, the two, viz., bhaga* 
mata and jlva-vikraya were not treated by Brahmagupta. The 
rule of eleven which was included in the list of logistics by 
Brahmagupta and on which an example was set by Prthuda- 
kasvami, has been omitted by Sridharacarya, probably be- 
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cause it found very few applications in everyday life. The 
mathematics of zero which Sridharacarya listed as the ninth 
determination, is Sridharacarya's own contribution. Unfortu- 
nately this topic is missing from our manuscript. 

In mixtures of things (misrakd), Sridharacarya deals with 
(i) simple interest, (ii) alligation of gold, (iii) partnership, (iv) 
purchase and sale, (v) meeting of two travellers, (vi) wages 
and payments, (vii) the well-known cistern problem, (viii) 
wages paid out of the commodity, (ix) combination of savours, 
and (x) certain special problems reducing to the solution of 
simple and quadratic equations. In series Qredhf) he deals 
with arithmetic and geometric series as well as with series of 
squares, cubes, and successive sums of series in arithmetic 
progression. In the surviving part of the section dealing with 
plane figures, he gives rules for finding the areas of triangles 
and quadrilaterals. 

The following are the special features of the Patlganita : 

(1) Rule for reducing a chain of measures. (Rule 42) 

This rule is not found to occur in the Aryabhatiya 
Brakma-spkuta-siddhanta> Ganita-sara-sangraka, or in any 
other work written before the tenth century A.D., and 
seems to have been first introduced by Sridharacarya. 
Udayadivakara (1073 A.D.) ascribes it to Sridharacarya, 
Its occurrence in the Maha-siddhanta of Aryabhata II 
. (c. 950 A.D.) and the Ganita-tilaka of Sripati (1039 A.D.) 
is evidently due to Sridharacarya's influence. 

(2) A special rule for finding the time in which a sum lent 
out on simple interest will be paid back by equal monthly 
instalments. (Rule 49-50). Also the example set on this 
rule. (Ex. 55-56). 

This rule and example, too, do not occur in any 
work written before the tenth century A.D. and seem to 
be due to Sridharacarya. The occurrence of this rule and 
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a similar example in the Ganita-kaumudi of Narayanar 
proves Sridharacarya's influence on 

(3) Interpretation of arithmetic series both geometrically and 
symbolically. (Rules 79-93) 

This is the only work where we find this dual treat- 
ment of the subject. 

(4) Rule telling us how two travellers starting at different 
times with different speeds and accelerations would meet 
two times on the way. (Rule 97-98) 

This rule again is probably due to S>ridharacarya, 
and reappears in the Ganita-kaumudi of Narayana under 
the influence of the former. 

Besides the above-mentioned specialities which relate to 
the subject matter of the Pattganita, there is one more pecu- 
liarity which pertains to the composition of the Pattganita and 
deserves special notice. This lies in the fact that the 
author has taken care to employ exclusively the arya metre in 
the formation of verses giving the rules. There is not a single 
rule which is in any other metre. This, however, cannot be 
said regarding the verses containing the examples, although 
the examples are also generally set in the same metre. We 
find that out of 133 examples, 104 are in the arya metre, 26 in 
the anustup metre, 1 in upajati, 1 in sardulavikrtdit, and 1 in 
vasantatilaka. 1 

3 2. The Patiganita-sara ( or Trisatika ). The Pati- 
ganita-sara, as its name implies and as the author himself 
says in the opening stanza to that work, is an abstract of the 



* Exs. M5, 17-31, 33,*36-44, 47, 50-56, 59-66, 69, 72, 76-77, 86-88, 
91-103, 106-133 are in the arya metre; Exs. 34, 35, 45, 46, 48, 49, 57, 58 
67, 68, 71, 73-75, 78-85, 89, 90, 104, 105 are in anustup; Ex. 16 is in 
upqjati; Ex. 32 is in Sardulavikrtdit-, and Ex. 70 is in vasantatilaka. 
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Pattganita. It gives the important rules and examples of the 
Pattganita with slight modifications, alterations and additions 
here and there, and provides a short course of arithmetic and 
mensuration. From the study of the latter part of this work, 
which does not have its counterpart in our incomplete manu- 
script of the Pattganita, we find that the following two approxi- 
mate formulae are Sridharacarya's own contributions to . the 
subject : 

(1) Area of the segment of a circle 

= Vj5 x (chord + arrow) x ^ , 

This formula occurs for the first time in this work and is 
better than the following formula given by Mahavira* : 

V To x chord x arrow 
4 

It is noteworthy that Mahavira has called this formula 
accurate (suksjna). 

(2) Volume of a sphere = (diameter)^ 

= 4 (radius) 8 (1+1/18) 
= (4*22 . . )r s , where r = radius. 8 
The formulae given by the earlier writers are as follows : 

(i) Aryabhata I's formula 4 : (ir') 3 ' 3 s (5-56....> 8 . 

(ii) Formula 5 quoted by Bhaskara I : (9/2> 8 =4-5r 8 . 

g 9 

(iii) Mahavira's accurate formula 6 : — x — r 8 = 405r 8 . 

Sridharacarya's formula is the best, as it more closely 
approximates to the modern formula : 

(4/3)*r 8 = (4-188....)r». 



1 7m, p. 35, Rule 47. 

* See GSS, vii. 70*. 

» See Tris, p. 39, Rule 56. 

A 

* See A, ii. 7. 

* See BhSskara I's comm. on A, ii. 7. 

* GSS, viii. 28J. 
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The abovementioned formulae of Sridharacarya re-ap- 
pear in the MahaSiddhanta of Aryabhata If (c. 950 A.D.), 
evidently under the influence of Sridharacarya. 

3*3. Criticism of Brahmagupta . In none of the 
above two works does Sridharacarya refer to any ancient 
writer or work by name. At one place in the PatSganita, 1 
however, he refers to an ancient rule and finds fault with it. 
He writes : 

ar?jfat ^utt f^sre ^ft?sr% i 

i.e., '(It is said that) the product of half the sums of the 
sides and counter sides (i.e., the product of half the sum 
of the base and face and half the sum of the flank sides) 
of a triangle or a quadrilateral, gives the gross value of 
the area. But this result is true only for those figures in 
which the difference between the altitude and the flank 
sides is small. In the case of other figures the above 
result is far removed from the truth ; as for example, in 
the case of the triangle having 13 for the two (flank) sides 
and 24 for the base, the gross 1 value of the area is 156, 
whereas the accurate value of the area is 60. I shall, 
therefore, state the methods for obtaining the accurate 
results only." 

The rule which has been so mildly criticised in the 
beginning of the above passage is due to Brahmagupta. The 
author has very carefully tried to make his remark against 
that great writer (Brahmagupta) look like an argument for his 
proposal to deal with accurate methods only. But his inten- 
tion is clearly understood when we see that the first line of 
the passage giving the rule criticised by him is a literal quota- 

* Rule 112-114. 
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tion from Brahmagupta. [See BrSpSi, xii. 21(i)].. The com- 
mentator has made the matter perfectly clear by citing the 
whole passage {BrSpSu xii. 21) from Brahmagupta. 

Although Sridharacarya has made Brahmagupta the 
main target of his criticism, the corresponding rule of Mahavira 
(GSS, vii. 7(i», has also been criticised by implication. 

3*4. Indebtedness to Mahavira. The following two 
interesting examples, the first occurring in the Patlganita and 
the second in the Trisatika, 

TTsrpfeprteFf at^T *r?«f *r*f>feer»r i 

(PG, Ex. 78-79) 

© - 

(Tm, Ex. 28) 

are almost literally the same as the following ones occurring 
in the Ganita-sara-sahgraha of Mahavira : 

(1) ft fa: qRwai: T5=^r q ^ftr w m stcst: » 

vi. 152-153) 

T^ft if1(T ^ f ^ ^ **** ^T^QT I 

(GSS.iv.6) 

This shows either that Sridharacarya has borrowed the 
above examples from Mahavira or that both Sridharacarya 
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and Mahavira have borrowed them from a third common 
source. But so long as that third source, if there had really 
been one, is not discovered it would not be unnatural to 
believe in the first alternative. The possibility that Mahavira 
might have borrowed from Sridharacarya is ruled out by the 
fact that the former was anterior to the latter. 

There is another interesting example in the Trisatika, 
which runs as follows : 

vift «ncrfpr*rr»n wraswcr: Ts^Tfare^ ere: i 

% (Triit Ex. 26) 

This seems to be inspired by the following example of 
the Ganita-sara-sangraha, which is typically Mahavira' s : 

^ PnTTfiPTT ~m\ s4ir^M<***JI<tlT II 

f^wnrct Prri^ir gc^ra^tfesEf snw 11 
tt^ftfaf^SRW jrafrfo %far % II 

{GSS, iv. 17-22) 

Note how successfully has Sridharacarya condensed the 
matter of six verses into one single verse. 

3*5. Popularity of Sridharacarya's Works. The 

works of Sridharacarya, being written in simple, clear, 
and concise language, were greatly appreciated by the people 
in general for whom they were written, with the result that 
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the earlier works on the subject which were studied in the 
times of Bhaskara I (629 AJD.) and Prthudakasvami (860 A.D.) 
fell into the background and we do not hear of them any 
more. From the tenth century onwards preference was 
given to Sridharacarya's works and it is these works that are 
found to be generally quoted in astronomical and mathe- 
matical literature. 

The earliest known quotations from the writings of 
Sridharacarya are found to occur in Abhayadeva Suri's 
(1050 A.D.) commentary on the Jaina canonical work, the 
Sthananga-sutra. Abhayadeva does not mention the name of 
Sridharacarya but quotes the following portions of certain 
verses which are traced to Sridharacarya's Pattganita (Rules 
24 and 28) and Trihtika (Rules 11 and 15) : 

(i) *RT?rf5*Tfa*tf5T: 

(ii) ?wf**lO(T$ftf: 

The earliest reference to Sridharacarya by name as well 
as quotation from one of his arithmetical works occurs at 
two places in the commentary, entitled Sundarl, by Udayadi- 
vakara (1073 A.D.), on the Laghu-Bhaskariya of Bhaskara I. 
The passage quoted at both the places is the rule for reducing 
a chain of measures/ 

Other references to Sridharacarya or quotations from 
his works are found to occur in the following works : 

(1) Bhaskara IFs ( 1150 A. D. ) commentary on the 
Si$ya-dh2-vrddkida of Lalla." 

(2) Bhaskara IFs commentary on his own Bljaganita* 

(3) Bhaskara IFs commentary on the SMdhanta-Hromani* 

» The passage quoted is PG, Rule 41, or TriS, Rule 26(ii)-27(i). 
a The passages quoted are PG, Rule 33(ii) and Ex. 34. 

• Vide supra, §3. 

* See Goladhyaya, Bkuvanakosa, vs. 52 (comm.). 
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(4) Suryadeva's (b. 1191 A-D,) commentary on the 
Aryabhatfpa. 1 

(5) Suryadeva's commentary on the Laghu-mZnasa of 
Manjula (932 A.D.). 1 

(6) Kavya-Kalpalata-vrtti by Amara Simha Yati (c. 1250 
A.D.). 8 

(7) Simhatilaka Suri's (c. 1275 A.D.) commentary on 
the Ganita-tilaka of Snpati * 

(8) Narayana's (1356 A.D.) commentary on his Ganita- 
kaumudl} 

(9) Visnu Sarma's commentary (c. 1363 A.D.) on the 
Vidyamadhav'iya . * 

(10) Makkibhatta's (c. 4377 A.D.) commentary on the 
Siddhanta-sekhara of Sripati. 7 

(11) ParameSvara's (1430 A.D.) commentary on the 
Aryabhattya. % 

(12) Rama's (1450 A.D.) commentary on the Katyayana- 
sulba* 

(13) Yallaya's (1480 A.D.) commentary on the Arya- 
bhatlya. 10 

1 The passages quoted are PG, Rules 34 and 35. 
1 The passages quoted aie PG, Rules 32 (i), 33(h), and 43. 
* See Kavya-kalpalata-vrtti by Amara Simha Yati with the text by Ari 
Simha. Edited by Jagannath Sastri Hoshing, Banaras (1931 j, p. 111. 

4 The passages quoted are F7lfef^r*R5[*PT13t {PG, Rule 24), 

'fafRrTTftre^i aCT ^sst {PG, Rule 28), ^ipJi^^iTJr: ( PG > RuIe 39 )> 
and PG, Rule 37. See GT, pp. 4, 9, 11, 17, 31 and 39." 

5 The passage quoted is PG, Rule 109. See GK, II, p. 49. 

6 See Vidyamadhaviyam by VidySmSdhava. Edited with the commen- 
tary, entitled Muhurta-d1pika,of Visnu &arma* by R. Shamasastry, Part II, 
Mysore (1923), p. 249. Part III," Mysore (1926), p. 134. The passage 
quoted is PG, Rule 12. 

7 The passage quoted is PG, vv. 7-8. See SiSe 3 I, p. 17. 

8 The passages quoted are PG, Rules 34(i) and 35 J). See A, ii. 3 
(comm.). 

9 The passage quoted is Tri's, Rule 47. See B. Datta, The Science 
of the Sulba, Calcutta (1932), p. U . 

10 The passages quoted are PG t Rules 27, 32(i) 34(i), 39(i), 40(i ( , 
44(ii>, 86(i), and 98 ; and Tri's, Rule 47. 
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(14) Raghavabhatta's (1493 A.D.) commentary on the 
iarada-tilaka. 1 

(15) GanesadaivajnVs (1545 A.D.) commentary on the 
Lllavati of Bhaskara .a 

(16) Raghunatharaja's (1597 A.D.) commentary on the 
Aryabkatlya* 

(17) Ranganatha's (1603 A.D.) commentary, entitled 
Mitabhasint, on the Lllavatt of Bhaskara II. 4 

(18) Mahidhara's (1635 A.D.) commentary on the Lllavatt 
of Bhaskara II- 5 

(19) Anonymous commentary, entitled the Prayoga^racana 
on the Maha-Bkaskartya of Bhaskara L 6 

(20) Ramakrsnadeva's commentary, entitled Mamranjana, 
on the Lllavatt of Bhaskara II.* 

(21) Viresvara's commentary, called Patlvyakhyam or 
Pattganita or Ltlavatyudaharana, on the Lllavatt of Bh&skara II.» 

The above references show that ^ridharacarya's works 
continued to be studied in India till about the middle of the 
seventeenth century A.D. Although the great Bhaskara II 
wrote the famous Lllavatt about the middle of the twelfth 
century A.D., he was not successful to oust the works of 
Sridharacarya from the field. 

Evidence of the popularity of the Pattganita and the 
Trisatikah furnished also by the occurrence of commentaries on 
those works and by the influence exerted by them on later works- 

l The passages quoted are PG, Rule 115 and Tnl, Rule 45(ii). 

9 L (ASS), pp. 6, 12, 160, 218. On p. 218, Tris, Rule 47 is quoted. 

3 The passages quoted are PG, Rules 34 and 35. 

4 See Catalogue of the Sanskrit Manuscripts in the Library the India 
Office. PartV. Edited by J. Eggeling, London (1896). Catalogue No 
2814. Also see N. Ramanujacharia and G. R. Kaye, The Trisatika of 
&ndharacaTya 9 * Bibliotheca Mathematica, Vol. XIII (1912-13), p. 205. 

5 The passages quoted are Tris, Exs. 26 and 28. 

e The passage quoted is PG, Rule 39(i). See comm. on MBh, i. 20. 
1 See N. Ramanujacharia and G. R. Kaye, I.e., p. 205. 
a See Catalogue of the Sanskrit Manuscripts in the Library of the India Office. 
Part V. Edited by J. Eggeling, London (1695). Catalogue No. 2816. 
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The Trisatika, being more elementary and better sui- 
ted to the needs of the people in general, attracted more 
readers and seems to have been comparatively more popular, 
as is evident from the following facts : 

(1) Whereas there is only one manuscript of the Patlganita 

available at present, manuscripts of the Trisatika are 
known to exist at several places in India. 1 

(2) Whereas we are aware of only one commentary on 

the Patlganita, we know of the following five com- 
mentaries on the Trisatika'. 

(i) A commentary by Sambhunatha.* 

(ii) A commentary by Vrndabana Sukla. 3 

(iii) A commentary by Vallabha in Telugu. 4 

(iv) An anonymous commentary in Kannada. 6 

(v) An anonymous commentary in Gujarati. 6 

It is noteworthy that the last-mentioned three 
commentaries were written in the regional langu- 
ages of India. This is another evidence of the 
great popularity of this work. 

(3) Manuscripts of the Trisatika that are now available 

exhibit a remarkable divergence in their texts. 

1 Manuscripts of the Trisatika exist* in the Central Library, Baroda; 
the Oriental Institute, Baroda; the Sanskrit College Library, Banaras; 
the Anup Sanskrit Library, Bikaner; the West Punjab University Library, 
Lahore; the Library of the India Office, London; the British Museum, 
London; the Lucknow University Library, Lucknow; thejaina Matha, 
Moodbidri; the Curator's Office Library, Trivandrum; and the Sclndhia 
Oriental Institute, Ujjain. 

2 Mentioned in the Catalogue of Manuscripts from Guzerat. 

3 Mentioned by Dr A. N. Singh. 

* A palm-leaf manuscript of this commentary occurs in the Jaina 
Matha, Moodbidri. See ^W^RT^^T cTT^q^q" Jjsq^^, published by the 
Bharatiya Jnanapitha, Kashi, p. J 69, MS. No. 781. 

5 A manuscript of this commentary exists in the Library of the India 
Office, London. See Catalogue of Sanskrit and Ptakrit Manuscripts in the 
Library of the India Office, Oxford ( 1 935), p. 78 1 , MS. No. 63 1 7. 

* A manuscript of this commentary exists in the Oriental Institute, 
Baroda, Accession No. 4660. Some extracts from this manuscript have 
been quoted by Bhogilal J. Sandesara in his paper, entitled 'Weights, 
Measures and Coinage of MediaevaJ Gujrat.' See journal of the Numiimatie 
Society of India, Vol. VIII, Part II, 1946, pp. 138-146. 
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This divergence, which is evidently due to continual 
modifications and interpolations made by teachers 
engaged in teaching this subject, clearly proves that 
this work was very popular and continued to be 
used as a text-book for a long time. 
The works of Sridharacarya were studied not only by 
the Hindus but also by the Jainas, as is evident from the 
occurrence of references to Sridharacarya or quotations from 
his works in the writings of Abhayadeva Suri, Sirhhatilaka 
Suri and Amara Simha Yati, who were all Jama scholars. 
Vallabha, who wrote a commentary on the Trisatika m the 
Telugu language, was also a Jaina. 
Appreciation of Sridharacarya. 

The works of Sridharacarya, which were so popular, 
earned a great name for their author The : following verse 
which is generally cited in appreciation of him both by the 
ffindus and the Jainas gives an idea of the unique portion 
occupied by him as a mathematician : 

srerart igfmi sfwrat larrta iw<r i 

«Tjp to the abode of the gods (i.e., the Himalayas) 
towards the north and up to the Malaya mountain 
towards the south and between the eastern and western 
oceans, there is no mathematician except Sndnara. 
From the Kayakalpalata-vrtti' ofAmar Simha Yati we 
learn that Sridharacarya was considered to be so great as a 
mXmatician that the ideal of a Hindu mathemauaan was 
to be a Sridhara. 

3-6 Influence on later writers. 

' (1) Influence on Aryabhata II (c 950 A.D.). We have 
already seen that the rules for (i) reducing a chaxn of 
m «s,(ii) finding the area of a segment of . ore e^and 
(iii) finding the volume of a sphere, occurring in the Malm 
^occurs a* a quo, ation in the 

referred to above.. It i. also found " °f ""^^h.coSmentary by 

St'r/ ,he T ' iiabka > includin . g ^w3-» '';.p-i''- 
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siddhanta, are due to the influence of Sridharacarya. There 
is, in general, a close agreement between the contents of the 
chapter on patlganita of the Maha-siddhanta and the Trisatika, 
and it appears that Aryabhata II, while writing that chapter, 
made a constant consultation of the Trisatika. The following 
similarities in language between the two works deserve special 
notice : 

(i) f?m<jto frwfcgn q ^eft i 

etf frpfsnr ^l ^s gl^ {MSi, xv. 9) 

ar^TTflfWT^: (Tni, Rule 17) 

(ii) mw»uh4\: ^^vai^rt §^ 11 

(MSi, xv. 14(h)) 

A (Tni, Rule 19(h)) 

J c _ (AfSi.xv. 18(H)) 

^iT^T^:f^Rf Sra<fi# 3w3T: I 

(7rii,Rule27(i)) 

J * . ° (MSi.xv. 17(H)) 

& c * (Trw, Rule 22(H)) 

(v) sn^st ftnu$ £ 

(MSi, zv. 101 (i)) 
{Tris, Rule 44(H)) 

(2) Influence on Srlpati (1039 A.D.). Influence of Sri- 
dharacarya is clearly visible in the Ganita-tilaka of Sripati. 
This work seems to be written on the model of the Trisatika 
which it follows closely. The following examples of the Ganita- 
tilaka have been taken from the Trisatika word for word, or 
with slight alteration in language : 
(i) <ft# 

tfml f*5Tt 539% V&t 

*a«r?*iTsr *ife tpt fifa?c*r n 

(GT, p. 41, lines 15-16) 1 

1 Same as 7Wf, Ex. 25. 
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(ii) sfasrm fafcwtfw* "f^rcf srro: 

(GT, p. 42, lines' 9-12) 1 

(iii) sra?* <re -p* sflt i 

(GT, p. 70, lines 11- 12; 3 

(iv) fg^reftSE^TSm: TO5ft *?T*tct I 

awt gt fa^TST^ fw*a: sc«PT5riT 1 

(G7~, p. 78, lines 23-24) 3 

(v) ?TrnT T r 5 'JT*rfqr' J tfT ^sn^^f^r 1 

(G7*, p. 79, lines 9-10)* 
A number of other rules and examples occurring in the 

Ganita-tilaka are similar to those found in the Trisatika, and 

seem to be based on them. 5 

(3) Influence on Bhaskara II {1150 A.D.) and Marqyana 

(1356 A.D.). Influence of Sridharacarya's works is also visible 

in the Ltlavatt of Bhaskara II and the Ganita-kaumudi of 

Narayana. 

4. Present Commentary on the Patiganita. The 

commentary subjoined to the text of the Patiganita in the 
present edition is entitled tika. It aims at explaining the 

^cTTris\Ex. 27. 

* Cf. Tri's, Ex. 37. 
9 Cf Tri's, Ex. 51. 

* Cf Tri's, Ex. 52. 

5 For example, compare :— , 7 , n 

GT p. 39, lines 7-10 with Trts, Rule 26 ( u ) -27 (1). 

GT, p 74, lines 8-9 with Tm, Ex. 38. 

G7-, p. 74, line 16-17 with 7m, Ex. 47. 

GT, p. 75, lines 6-9 with Tm, Ex. 44. 

GT p. 77, lines 22-25 with Tits, Ex. 50. 

GT, p. 78, lines 8-U with PG Ex. 49 

GT, p. 82, lines 2-5 with Trts Ex. 51. 

GT, p. 83, lines 5-6 with Trts, Ex. 5/. 

GT*. p. 83, lines 25-28 with Tris, Ex 59. „ 

G^ p. 86, lines 25-28 and p. 87, lines 1-2, 22-23 with Tns^Ex*. 
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meaning of the text without going into unnecessary details. 
Under each rule the commentator explains and discusses the 
rule and throws light on other relevant matter connected 
with the text. Under each, example he first paraphrases the 
example, explaining it where necessary, and then solves it by 
closely following the steps of the rule. At some places the 
commentator quotes from earlier writers but on no occasion 
does he go out of point. The language used in the commen- 
tary is mature and the style of expression is generally that 
obtaining in philosophical works. 

The name of the commentator does not occur anywhere 
in the available commentary. There is also no reference to 
the place to which he belonged or to the time when the com- 
mentary was written. The following facts, however, seem to 
indicate that the commentator belonged to some place in the 
north-west region of India, probably to Kashmir ; 

(i) The manuscript of the present commentary is written 
in the Kashmiri Script and was discovered in Kashmii 

(ii) The symbols + and the dot, which the commentator 
uses for expressing the negative sign and the zero 
respectively, are the same as those used in the com- 
mentary of the Bakhshali text, which was discovered 
in the north-west region of India, but different from 
those used by the mathematicians belonging to other 
regions of India. 

(iii) The hemistich ?r«ft*rf»r Mti: sure faqW flfa , whict 
the commentator cites from some unknown work is 
also found to be cited in the commentary of the 
Bakhshali text. 

(iv) The passages cited as quotations by the commenta- 
tor are generally not to be found in the writings oJ 
the other mathematicians or astronomers who hail 
from the other parts of India. 

The commentator is also silent about the sources from 
which he has cited passages as quotations in the commentary 
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We have however, been, able to trace the following two 
quotations to the Brahma-sphuta-siddhanta of Brahmagupta : 
(i) qsSft^TTR'ir^ ^^fRTf^Ts^mwi 

(ii) ^srcs-r f^rg4^ T l 5r ^' T I^' r?5Wgr: 1 

• The following two quotations, in the arya metre, though 
wrongly ascribed by the commentator to Sridharacarya, are 
also traced to the Brahma-sphuta-siddhanta of Brahmagupta : 

(iii) vratfsp^^*^* 5 ^ 1 

(iv) ^fferfe^W ^rT^j^^^T^ i 

(V) ?P3lJQrWJft^t qspfUPfl*^ ^ V&fe \ 

(vi) ^«*!rf<ppi (^) ^ ^ 1 

c * 

(vii) wjw«nniW: ^ to ^ fftnfaer n 7 

The sources of the following quotations remain untra- 



ced: 



(i) TOPHftw muff ***«Eraif*it i 

(p. 8, lines 6) 

(ii) vmmt srnr. 3?ft ^ i 

(p. 32, lines 10-11) 



1 p. 118-1 19, and p. 137. Cf. BrSpSi, xii. 17. 

» p. 159, lines 22-23. „ X11 .\. 21 ; n m \ 

s p. 123, lines 22-23. „ » *vm- f (»)■ 

* p. 124, lines 2-5. „ „ ™»- 3 J -J 32 " 33 '" 

.5: itiK"* ■ ;; -H-^jigK 6 ® 1 - 

'p. 125, line 2. „ .. xvm. 35(h) [36(h)]. 
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(iii) srefer^ ^qfl? m«t cT^ft^ W«T \ 

(p. 32, lines 14-15) 

(iv) fTOr^T^^T ^7 FT tfa TO I 

sn^rt s^rd *«t qsp^^rr <rc: fare: ii 

Jims ^r-fs-«r^R: *pfs*"V ^^rf^: it 

<p. 82 lines 845) 

(p. 82, lines 15-16) 
(vi) J^if fasf^aft fw*Tt*r afsroir: i 

(p. Ill, line 13 ; p. 114, lines 12) 

(vii) <rctirffi fspftT; ^n? foftir sfa *TfT: 1 

(p. Ill, lines 17 ; p. 132, lines 4 and 6) 
(viii) Sf?CT(3) fkTSffora; I 

<p. 121, lines 21) 

(ix) s^^TT^N , 

(p. 121, lines 22) 

<x) ^q-T^rrt ^ w q-srgft^m^ J 
statist ^5^r^s3qsf=?^ft i^ru 

(p. 122, lines 1-3) 
(p. 126, lines 4-5) 

(xii) T3T 5?RcT^ ^TS5JRm^f%^T TcHT t 

(p. 133, lines 18-19) 
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(xiii) »TO sfaf^sw WRft* 5 ^ ' 

(p. 159, lines 4-5.) 

(xiv) ^% <rcq*T«ft ijawat i 

«E5tgc«I^ ^ ^qSScTd^ » (p. 159, lines 9-12) 

Quotation (xiv) above deserves special attention. It 
gives the rational solution of the equation JVx a +l =/ m the 

* Ah — £6 , 

x = ^KZIF > y = Bh~Ab 
where *, *, and A are respectively the base, upright, and 
hypotenuse of a right-angled triangle (which arc determined 
by the rule given in 'quotation xiii), A, R, being two numbers 
such that i4 3 - B* m jVV 

This form of solution of JV**+1 =f< is unique in so far as 
it does not find its parallel in any other work on mathematics 
ancient or modern. It is at the same time the most general 
rational solution of that equation. The solutions given by 
other mathematicians, such as Brahmagupta (628 A.D ) 
Sripati (1039 A.D.), Bhaskara II (1150 A.D.), Narayana(1356 
A.D.),Jnanaraja(1503 A.D.) } and Kamalakara (1658 A D ) 
and also those given by John Wallis and- W. Brouncker (1657 
A.D.) are easily deducible from it. 

The hemistich of quotation (vii) is also of great interest. 
For as we have already mentioned, it is found to occur as a 
quotation in the Bakhhall Manuscript also. There are two 
places in the Bakhshali Manuscript where it is seen to be quoted. 
At one place we have' 

fffrftft* (5M, 54 recto) 

see my paper, entitled <On Sahara's ^lu^ 
of JV*" + 1=>", Ganita Vol. I, No. 2, pp. 1-12 [It 

above rational solution is due to some unknown mathematician wno 
was the author of the verses of quotation (xiv), and not to Sndharacarya 
as was supposed in that paper.] 
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and at the other place, we have 

(BM, 35 recto) 

Although the quotation occurs in a mutilated form in both 
the places, but there is no doubt about the line quoted. 

The occurrence of the above hemistich in the Bakhskall 
Manuscript as well as in the present commentary seems to 
suggest that the work from which it has been taken was quite 
popular in the north-west region of India. 

Amongst the notable features of the commentary may 
be mentioned (1) the use of the symbol + for the minus sign, 
and (2) the use of a dot as well as a small circle for the zero. 
The symbol 4- is generally used after the number affected ? but 
sometimes it is also found to be used before the number 
affected. Thus, - 2 is written as 2+ , and sometimes as +2 . 
The symbols + and the dot are known to have been used in 
the same sense in the Bakhskall Manuscript also. Their occur- 
rence in the Bakhskall Manuscript and the present commen- 
tary seems to suggest that they were in general use in the 
north-west division of India. 

The dot as a symbol for the zero is believed to be more 
ancient than the small circle. The use of both these symbols 
in the present commentary shows that the mathematicians in 
the north-west region of India hdd not totally given up the use 
of a dot and were using it as an alternative symbol for the zero. 
In other parts of India the use of the dot was totally given up 
and do we not find it used in any other work written after the 
seventh century A.D. Absence of the use of a small circle as 
a symbol for the zero in the Bakhskall Manuscript shows that 
this work is much older than the present commentary. 

There are five places in the present commentary where 
the scribe of the manuscript has made certain interpolations 
by way of filling up the apparent gaps in the commentary. 
In all these places, however, he has clearly stated what inter- 
polations he has made. 
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The first interpolation is the entire commentary to Ex. 70, 
at the end of which the interpolator says : 

ie., "This verse of the second example was not explained 
by the commentator in his tika." 1 

The second interpolation comprises lines 19-23 on page 
119, the third lines 17-20 on page 120, and the fourth lines 
11 16 on page 123. In regard to these three interpolations, the 
interpolator makes the following general remark on p, 123 : 

i.e., "The commentator Qtkakard) having explained the me- 
thod of finding the first term etc. in relation to the first three 
examples given after the rule 'adih padahrtaganitam\ etc., has 
not explained the method of finding the first term, etc., again 
in relation to the fourth example. But, this fourth example be- 
ing available in 'the book containing the text* as well as in 
'the book containing the commentary/ we have ourselves 
explained that method while making this copy.*' 

The fifth interpolation occurs on p. 167 and comprises 
the lines occurring after the following remark of the interpo- 
lator x 

i.e., "just as here the area is (being) obtained by deform- 
ing the whole figure into three parts, so in the next example 
the commentator himself will explain/' 

5. SRIDHARACARYA. Having thus briefly noticed 
the Pattganita and the present commentary on it, let us now say 
something regarding Sridharacarya, the author of the Pattganita 
The personal history of this author is shrowded with great obs- 
curity. The author mentions his name in the opening stanza 
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of the Pattganita-sara, but nowhere does he give out the name 
of his father, mother, or teacher, or the time and place of his 
birth and literary activity. Later writers, too, have thrown 
little light on these aspects of his life. The determination of his 
time and place is, therefore, a very difficult problem. In the 
following sections we have endeavoured to ascertain as much 
about his life as could be possible on the basis of circumstantial 
evidence furnished by his works or by a comparative study of 
his works with those of other writers of known time and 
place. 

5*1. A Saivite Hindu. In the opening stanza of the 
Patlganita, Sridharacarya pays homage to the Unborn God, the 
cause of creation, preservation, and maintenance of the worlds. 
The commentator identifies this Unborn God with God 
Mahesvara or Siva, who is endowed with five functions 
{pancakrtya) , viz., creation (srsti), preservation (sthiti), destruc- 
tion (samhara), kindness (anugraha), and disappearance (tirodha- 
na), 1 In the opening stanza of the Puttganita-sara, Sridhar- 
acarya pays homage to God Siva by name. Hence it is clear 
that he was a devotee of God Siva. This conclusion is 
furthermore corroborated by the inclusion in the Patiganita of 
an example which relates to the worship of the five faces of 
God Siva. (See Ex 89-90). T{iis, it may be added, is the 
only example in the works of Sridharacarya that has reference 
to a god. 

5-11. JVot a Jaina. N. G. Jaina says that in the 
opening stanza of the Trisatika, in a palm-leaf manuscript in 
Kannada, discovered in a Jaina library in Karnatak, 
there is found to occur the word jinarh in place of sivam, and 
so he thinks that Sridharacarya was a Jaina and not a Saivite 

1 Cf. Aryavidyasudhakara by Yajae&vara Cimana Bhatta, edited with 
note?, etc., by MM. Pandit Sivadatta D. Kudala/ published by Motilal 
Banarsidas, Lahore (1923), p. 131, where we have the following verse 
giving the five functions of God Mahasvara : 
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Hindu. N. C. Jaina regards the reading jinam as authentic 
and so he suggests that the occurrence of the reading sivam in 
the printed edition of the Trisatika is probably a deliberate 
change made by the editor, Sudhakara Dvivedi. 

The above views of N. C. Jaina are unacceptible, 
because 

(i) Ail manuscripts of the Trisatika, excepting the un- 
usual one mentioned by N. C. Jaina, that are known 
today, have the reading sivam and not jinam. 

(ii) The opening stanza of the Pattganita cannot be a 
composition of a Jaina writer. 

(iii) There occurs in the Pattganita an example relating 
to the worship of the five faces of God Siva, whereas 
there is no example relating to any Jaina god either 
in the Pattganita or in the Trisatika. 

(iv) The manuscript of the Trisatika referred to by N. C. 
Jaina bears the impress of some Jaina scholar, who 
has made numerous alterations in the original text 
and has added a large number of rules and exam- 
ples (including one example relating to Jaina 
gods), which are not found to occur in any other 
manuscript of the Trisatika known to us. The 
reading jinam is thus evidently due to him. 

5 2. His Time. 

(1) Views of earlier scholars. Sudhakara Dvivedi, who 
was the first to deal with the life of Sridharacarya, thinking 
that Sridharacarya, the author of the Trisatika, was the same 
person as the author of the philosophical work, the Nyaya- 
kandalt, fixed his date at 991 A.D, this being the time of 
composition of the latter work. In support of his conjecture, 
he says i 1 

;{ The ancients were not scholars of one science only. 
There is little doubt that they were very learned and proficient 



» See Sudhakara Dvivedi, Ganaka-tarafiginr t Banaras (1933), p. 24. 
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in several branches of learning. Therefore, if this Sridhara 
(the author of the Trisatika) is the same Sridhara as the author, 
of the Nyaya-kandall, then his mother was Avvoka, by name, 
father Baladeva Sarma (by name), and his native place was 
the village Bhurisrsti, popularly known as BhurisVesthika, 
situated on the western bank of the river Ganges in the 
district of Radha in Bengal. 1 Being a Bhattacarya, he belonged 
to Bengal and not to South India. Sridhara wrote the Nyaya- 
kandall at the request of Pandudasa in the Saka year 913 
(=991 A.D.). As this Saka makes him anterior to Bhaskara II 
(who has quoted him), the above surmise is not impossible. 
At the end of the Nyaya-kandall, we have (the verse) : 

(i.e., "In the &aka year 913 was this Nyaya-kandall composed, 
at the request of Sri Pandudasa, by Sri Sridhara.") 

This (verse) cannot be a composition of a pure philosopher. 
Therefore my supposition that this Sridhara is the same as the 
astronomer Sridhara 8 is not impossible." 

A few years later Sankara Balakrsna Diksita came 
forward with a new and apparently more reliable argument 
to prove that Sridharacarya lived prior to 850 A.D., and not 
in 991 A.D. as supposed by Sudhakara Dvivedi.s His 
argument was that in a manuscript of the Ganita-sara-sahgraha 
of Mahavira, in the collection of the late Dr Bhau Daji, there 
occurred the rule 

W (? «H) OTfrMtf vjs 3*Tt: ^fra I 
as a quotation from Sridharacarya and some other rules 
ivakyd) from the misraka-vyavahara of certain work by Sridhar- 
acarya, and so it was clear that Sridharacarya was an earlier 
writer than Mahavira. As this Mahavira had eulogised the 

1 These details are furnished in the concluding verses of the Nyaya- 
KandaVu The relevant verses are also given in the Ganaka-taraAgim, pp. 24-25. 
1 The author of the Jataka-paddhati. 
8 See S. B. Diksita, I.e., pp. 230, 312. 
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Rastrakuta king Amoghavarsa Nrpatunga, who reigned from 
814-15 A.D. to 877-78 A.D., and had wished prosperity to 
his rule, so he must have lived about 850 A.D. Diksita, there- 
fore, placed Sridharacarya anterior to that date. 

Subsequent writers such as Datta and Singh, 1 SabaJ 
Singh, 3 Baladeva MiSra> N. C. Jaina * etc., following Diksita, 
have placed Sridharacarya before Mahavira. Datta and 
Singh tentatively assigned him the date 750 A.D., which is 
roughly midway between the dates of Brahmagupta (628 
A.D.) and Mahavira (850 A.D.). 

Sabal Singh* expressed the possibility of Sridharacarya 
being anterior even to Brahmagupta but there is no chance 
of such a possibility, because, as we have already seen, Sri- 
dharacarya has quoted and criticised a rule of Brahmagupta. 

(2) Weaknesses of Diksita* s argument. Diksita's argument, 
though generally accepted by his successors, is not very sound 
as it is contradicted by the following facts : 

(i) The hemistich, which Diksita found ascribed to 
Sridharacarya in the manuscript consulted by him, 
occurs in M. Rangacarya's edition of the Ganita-sara- 
sangraha as part of that work, and not as a quotation 
from Sridharacarya. It exactly fits in the context 
and, at the same time, conforms to the metre of the 
chapter wherein it happens to occur. 

(ii) The hemistich being in the anustup metre there ^ is 
remote possibility of its being a quotation from Sri- 
dharacarya. For the rules given in the available works 
of Sridharacarya, viz., the Patlganita and the Trisatika, 

~ i See B. Datta and A. N. Singh, History of Hindu Mathematics, Part I, 

^"%^b?sSX P %mc of Sridharictrya,' Annals of the Bhandarkor 
'Oriental Research Institute, Poona, Vol. XXXI (1950), pp. 267-272, 

8 See Baladeva Mi&ra, 'Sndhaiacarya', Kashi VidyapUha Raja'.a Jayanti 
Abhinandana Grantha, Banaras (1946), pp. 1 10-114. 

* See N. C. Jaina, lc, pp. 31-42. 

5 Lc. 
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are in the arya metre, and there are reasons to believe 
that the rules in Sridharacarya's Btjaganita were also 
in the same metre. We may mention here that the 
verse quoted by Bhaskara II from Sridharacarya's 
Btjaganita is in the arya metre. 

(iii) No rule occurring in the misraka-vyavahara of the 
Patlganita or Trisatika is common to Rangacarya's 
edition of the Ganita-sara-sahgraha. 

Therefore, the conclusion drawn by Diksita on the basis of 
his argument cannot be regarded as satisfactory and reliable. 
There are other reasons also to reject his view, which shall be 
set forth below, 

(3) A better estimate of Srldharacaryds time. 

A comparative study of the works of Sridharacarya 
with those of Mahavira and other Hindu mathematicians has 
led us to the conclusion that Sridharacarya was posterior tq 
Mahavira (850 A.D.) but anterior to Aryabhata II (c. 950 

A.D.). 

The following facts revealed by the above study show 
that Sridharacarya was posterior to Mahavira : 

(i) Sridharacarya's formula fof the volume of a sphere, 



viz. 



(diameter)* / ^ + 1_\ = (4 . 2 2...>», 
2 ^ 18' 

is much better than that given by Mahavira, viz., 

1 . ^ 9 r s = 4 05r». 

2 JO 

We have shown above that Sridharacarya's formula 
closely approximates to the modern formula 

-| irr«* s (4-188....y 8 - 
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In fact, the modern formula reduces to Sridhara- 
carya's formula* if we take t b 3|. 

(ii) Sridharacarya's formula for the area of a segment 
of a circle, viz. 



VIO chord + arrow x ^ 



is also superior to that given by Mahavira, viz. 

i/ 10 x chord x arrow 
4 . 

The above-mentioned formulas of Sridharacarya were 
subsequently adopted by Aryabhata II and Sripati (1039 A.D.). 
Had Sridharacarya been anterior to Mahavira, as supposed 
by Diksita, Mahavira must also have adopted them in his 
Ganita-sara-sahgraha. Sridharacarya had earned a, great name 
in his lifetime and his works were quite well-known, and there 
is little possibility of his rules having remained unknown to 
Scholars coming after him. It is noteworthy that Mahavira 
has regarded his own formulae, given above, as accurate. 
This is another proof to show that Mahavira lived in an age 
when Sridharacarya was yet to be born to discover more accu- 
rate formulae. 

(iii) Absence of the following important rules of Sri- 
dharacarya from the Ganita-sara-sahgraha : 

(a) Rule for reducing a chain of measures. PG, Rule 41) 

(b) A special rule for finding the time in which a sum 
lent out on simple interest will be paid back by 
equal monthly instalments. (PG, Rule 49-50) Also the 
example on this rule. (PG, Ex. 55-56) 

(c) Rule telling us how two travellers starting with differ- 
speeds and accelerations would meet each other two 
two times on the way. (PG, Rule 97-98) 

Absence of these interesting rules from an exhaustive 
work like the Ganita-sara-sahgraha cannot be explained unles we 
assume its priority over the works of Sridharacarya. The first 
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of these rules is found to occur in the Maha-siddkanta of Arya- 
bhata II and the Ganita-tilaka of Sripati, whereas the other 
two rules are found to occur in the Ganita-kaumudi of Narayana, 
evidently under the influence of Sridharacarya. 

In addition to the above arguments, the literary qualities 
of composition of Sridharacarya's works and other improve- 
ments in them, which definitely establish the superiority of 
Sridharacarya's works over the Ganita-sara-sahgraha, may also 
be brought in evidence to prove that Sridharacarya was a 
later writer than Mahavira. We have already seen how 
successfully Sridharacarya condensed the matter of six verses 
of Mahavira into a single verse. 

The following facts show that Sridharacarya, though 
posterior to Mahavira,, was anterior to Aryabhata 1 1 : 

(i) Aryabhata II has improved Sridharacarya's formula 
for the area of a segment of a circle by using z f in 
place of yiO- 1 

(ii) Aryabhata II was aware of the formula for the surface 
of the sphere, viz., 

circumference x diameter, 
which was unknown to Sridharacarya.* 

(iii) Aryabhata II* criticises the formula used by Sri- 
dharacarya for finding the area of a quadrilateral 
with unequal altitudes, viz., 

yf{s-a) (s-b) (s-c) {s- d) ' 

where a, b> c, d are the sides of the quadrilateral and 

There is another interesting argument to show that Sri- 
dharacarya lived after Mahavira but before Aryabhata II. It 



» Sec MSi, xv. 93(ii)-94(i). 
» See MSi, xvi. 35-36. 
» See MSi, xv. 70. 



' m INTRODUCTION 

is as follows : Mahavira states that the formula 

^/is-a) (s-bj{s-c) {s-d) 
*ives the accurate (suksma) area of a quadrilateral. 1 Arya- 
bhata II, on the other hand, criticises those wish to find out 
the "area of a quadrilateral with the help of its sides only. 
Says he : "The mathematician who wishes to tell the altitude 
or the area of a quadrilateral without knowing a diagonal, 
must, be a fool or a blunderer." 3 Sridharacarya seems to be 
in a fix regarding the above formula. For he seems to be 
doubtful about is accuracy, but at the same time he is unable 
to replace it by a better one. So he lays down two rules for 
finding the area of a quadrilateral, one for quadrilaterals with 
equal altitudes and the other for quadrilaterals with unequal 
altitudes. For the former he gives the formula : 3 

| (base + face) x altitude, 
and for the latter he prescribes the faulty formula 4 

\/{s-a) {s-b) (s-c) {s-d) • 
This clearly shows that Sridharacarya lived in an age when 
the accuracy of the above formula as giving the area of any 
quadrilateral had begun to be questioned, but this formula 
had not yet been abandoned. 

From the arguments adduced above it is proved without 
any shadow of doubt that Sridharacarya lived « 
between Mahavira (850 A.D.) and Aryabhata II (c. 950 A.D.). 

5.3 His place. At present there is hardly any 
evidence" to enable us to throw light on the place where 
Sridharacarya lived and performed his literary activities. 
Some writers, however, have ventured to make certain con- 
jectures in this direction also. Thus N. G. Jaina associates 
him with South Karnataka on the presumption that he was a 

1 GSS, vii. 50 (i). 

^ 3T^5% *i*T«t tfssT »fji: Fratft *TT II (MSS, xv. 70). 

a PG, Rule 1 15. 
*PG, Rule 117. 
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Jaina. 1 Similarly, Baladeva MiSra associates him with north 
India on the basis that he was a Saivite. 9 

Both the above conjectures are based on fallacious 
grounds. We have already seen that Sridharacarya was a 
Saivite Hindu and not a Jaina. Moreover, it cannot be said 
with definiteness that Jainas lived in south India only. In 
the same way it is also not true that only north Indians 
were Saivites. Hence the conclusions of both N. C, Jaina and 
Baladeva Mi&ra are untenable. 

Sudhakara Dvivedi's opinion that Sridharacarya belonged 
to the village Bhurisrsti (or Bhuri&resthika) in the district of 
Radha in Bengal also cannot be accepted unless it is proved 
that Sridharacarya was the same person as the author of the 
Nyaya-kan&alu 

6. In the end I have great pleasure in expressing my 
sincere thanks to Dr Ram Ballabh, Professor of Mathematics, 
Lucknow University, for affording me all facilities in the 
editing of this work ; and to Sri Gopai Dvivedi, Jyotisacarya, 
and Sri Markandeya Misra, Jyotisacarya, Kavyatirtha, my 
Research Assistants, for the assistance rendered by them to 
me. I am also thankful to the authorities of the library at 
Jammu for the transcript of the manuscript utilized in 
the present work; and to the librarian and the staff 
of the Lucknow University Library for securing for my 
use manuscripts on loan or transcripts of manuscripts when- 
ever required, and for the other facilities provided by them. 

My thanks are also due to the Fine Press, Lucknow, for 
their unfailing courtesy and care in the printing of this book. 

K. S. SHUKLA 
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g faciH^ Rra TftTci mmtfl TO! Lit. H- 



faTtercRr qs^rssft ^ift Wfe^TW farRrars*: **nq# w^r <wt 
oFwasqw zz\ erer toV, sR^Tm^^r c^wst: i 

mtzw ^ to whto a&nfa u ^ n 
Altera? asrca^rcnrt qwraRnroftfs li * » 

fiWWlfl 5f^ cT5T5* ^mf^cft! 

^nm^toft spm* <m: it flnnawfefer 'i * u 

Srt i 3% wt* i ^fanfaTOfmcrfaRT *pt: » ^Timfe-. 

fg-^TTTTf?: *r ^q^ vfs^i" wfer nf^ftrarwret ^re^mY* tort i wf^tt 
(^r) wrapn ^nnsPTrfa srenspwRj i arriiRrcg tftsfq 5rw srfa- 
qfa*q*r w , T^t) qs^frfiTnrwt" farfeRr sn§pn£ qs^r 

* t ' •smrafafr i sits: sraqrfsRTCTro sqrofsRr 5t% 



*n^tsf<r to" tor: i ^r«rr— ^r^-snTTir-^nr^nTT: K, m-vm-w^f**?* % 

R, TO-sm^-'rr»ri^r ! ^-'rnimmT: ^™-TO^-m*i^-'TO , raiS r: 

TfrpiTT^T^T: i q^r ?sr <r^r ^ sfa Tsfesifa: 1 %3^t*§ secret *mn5T q3 1 
crftirr: ^ tor 5nfa¥hprf% 1 TOft^it fsrarteHTC* ^ **R!FrT 1 srf^r 
wwtff s, snrnr:, urnnmr:, ^mm^sr:, TOTTm*^:, *snrr»nw$, TOrmr- 
qrar$, wnm^psrerafir, ?™nmT^55fr, ^qm^wnq^ 

q^#??w^ft y>$* wrfa^f^ifl'rdf^r: *^cw 11 
* Mr ^rr tor snsnw: <pr* it 

TO*T— w;, *eft, v*W. f 

^ S3, * I 



1 fas: 1 . ' *mf 1 ? fsfas 1 * vfoprnfaTOwr 1 H ssfosrfaton 1 



fpt^ arnret ^T^RnTfrr^T^q erf irefa a^sf^r^^sro^foRi^ 
q%crq^*m^eqT<r* qftqniffisr 1 %mj tt&?t sFqqer«rc*q sqtesrm frft^r 

«PT^rf^5rW *Rfa5TTS*T STTClfaOT faqrqTsTTcTsrc 3TT3fln§> *TT?TCr%r>?T- 

qfa ^fijpTT ^ftf^rcT^ I *R%;T TT%?T SRTCq 1 ^T^:' t q^tfa aRTRTC'f 

1 sn^rcqsTforqiT sisrts?qf5r^rTTT sqfr T^Tfe^fRT srcTqTf fr: 
^fasta: 1 m ?5rfasr f ^ q^ranc, sinrfpsr, fwr^^sf, 

^.^.«^r-^^T^Tf^"5rwtr?r ^rfrr qstrcp^ OTf^^reNqj*qw 



swrf ?>fe*T«n?W53r* to faro * n \9 u 

T^P ?, ?oo, fl|$r ?ooo, 3T^T ?oooo ( 5fQ| 

JJooooo, SHTcf ?ooooi)0 ( ^tfe: 5>ooooooo, ST^* ^oooooooo, Sf®5f 
^ooooooooo, ^5? ^0000000800, T*fflH ^ooooooooooo, T^TT^f 
?ooeooooooooo, SETl^: ^OOOOOOOOOOOOO, of vffifl ^OOOOOOOOOOOOQO, 

. • * 

SET?=iT ^ooooooooooooooo, TT^'T ^ooooogoooooooooo, M<T^fl 

^OOOOOOOOOOOOOOOOO |* 

tftarar: jtw guff ^t#cT ^Tf«P*ftag*A«r' i 

<T5?TT^r5^§f^^TTS*: ^Tf^ft II % II 

ViTOS^ooooooooooooooooo I ' ^fa^N^JT | ^«FTf*Fft^I I " 



Sff5r^m: ;! {J ^T?|f«P£: l 5r^f#T: , ^^q'#?rarcsrq*irerT:* 

qferfopr sr^Knr:*, ta^^T^t tt*t:, sresnrrat srfftrfa 1 ^ 

srfe: resort iPt^*t' sfa *re*rfcr 1 i$*Tsh>*rq § sftffo,- «Hqt^rsr^«r 

sfTSRTfer sfcr ^tr«t: ^4^rm^pr: 1 t?*r ^ ^siftr ^rrfw fcraTfa 1 

asm— oqcppfa^r ^ s^faa-q^'^rrfc 1 srczrfafer *nffaaq^r ^r^rar- 



f^r, ^Tf^nr, t^tskt, 7fe, srsftfa:, ^fa:, 5raf7% *n*refcr f 

H#7T «T^T?Tr#^T#^tTTKir fff fatf fa *7lfc% STTO, I cTCTFT 75 ^T5T 

^P^rtt^ q^r^frsr^mk *fFFrrarcre *rr?r 7?7 i sflrwr^T^ra**? a? 

^sn^fq* errem^ srcc^sft *?rerir S7t: ^ffrgFnw rsraTft^d^^i s:zft: 
irffsi5FT--*rret ¥7 ^7^7 <rrrf7 ¥7*7 ^77>7 7%fc% sfiftsr 

^flt%, $7?P7 — #3>7?f7c7^7, 3TT^T7Sf7l% fgr^TiT ^f7% 

.^^ftw i m 7^r7(57)f7fa ^ftfcj ^7?% 7^re7 i 7fc ett ^7 
¥7gq7%crcr ¥7777faftfa\ m 73^ far Wcfto?7T^7 sr^% qrwifft. 
^757% i 3rfqr ^ ^nrr^^r^ s^^^m^fwir 77 m^t* i cT7tF^- 
¥7*7 sms ^q%7 as^fera, ^Ttster fa ^f^fro^Trarc ¥7T777 strt 

7^7* ^qrgV* (3) 7f%<i fT^scTsr^wr 'src^cww *7rc3i77 
71^^*77' ^75T7>ft7^7>77 (3) ^aftfkfs^W^ (v) t# irog^ 
(J) ; ^ ^fTftr 737f777sft77 4 sfact srafr J 3T77 favrsrc^w- 
• t^t 7fa%7 TOteenwr J i an^TT^F^r ¥7T£S7 q<rr ^T^T^^rrTr: J, 
7 ^Rqrf7^7qqer7, ^qrs7*kfq* w&ri- ^lfaw^qm- i ajwnrr (¥7T7*7) 
^7rs 77, g^fsw ^7*7, 7^7*rr^7 sritgfr *7r?r ^rfSrfer^ i cr^r^T^ «*7: i 
OT^<gr?rr (3*7)^7: sr^r i 7? 3?*? ^it^st 77*7 

TT^7? ^Vo, ?5T*T c;^o | q 1 ? V.o, ^ 3TT^^m ^o, I 

^7 ^Vc^ | q<fc;o f c;^, sffT^7^ ^Yqo^ ^ ^^y<> |q?^o, ^ 

?IT^7<j c;^o, VoS L ^ | 7? ?oo, ?o?oo, ^7 | 

^ ' 5T?7t I * 5157TI I ' '^fcRreeRT ^T^fir I * 75PT I H ^TRp i 
' "fS^TtWT I * m ¥7^15^: 7^T^t75T^qT7 t c f!JTf 5T7f7% I s W5nTf I 



^ 

if =«t afoaRt i iif^r sttbvt i^f t^rT <rr^ wfasfrosre^: i 
5% w fwt crPt ^ i 

05if *T 5fr«2T ftP^T ^3Rf I 

?qfaiw s^rto tit tfe, WRfs^^r i ^ "T^^rt 

*n f< c* M^ 3 i ^?^T^^nnqi5HnfeTtoHf5i^ft are: fasifer 

35r t^rt, 3<rft: ^shrnfspaRr i qa^i^rw^fsTO qs^q^iSRT; 

<fclT I 3PRT *Pffa<r f§W; SRft *T*PT ^TfT ?lRf^lf 

WTO^fiTO f%5TRI^ I *TffacT Y^r fe^qiT S^o, 3Rft *W 3", <P?3*f- 



CRFPT^Srst ^T^W f^RT^T | 4McU %M H^o, fe^f ^Vo, A l dql^ l fr 

('Tpf) ^cmf^K i fe ^ m ?rt: ^<t- 

q^f%^% ^jq% 5pT: T^r^RT, W^T^f ^ M^IW I ?^o, fgipPT 

V£^o, ii+)iH^Rld m ^ *RT%: I 5RTc[ ^Yo, feWr 

V****, mt ^mN^Td: i ?r^r yo$x ffjrw ^U", *r<r> w ^mf?r: i 

Ko^o, ftWUW ^o^co, SRyt jpf ^N^T 5RT*T I 

Pnrarf , '<r*pf vrw i^r ^ratar^ >redW ( ^rrs ^^^ui 
^«T- q^^nr^t: q^r ^r: i 



?0 *pgfe-qfwl 

^ i q^r (to) ^(^)Mr ifc Grafts fopirofr ^1 
^^jrt d ^iTcH* , ^raTq^rr to*itow ^fwrr^ t 

^t- ? oo,Wr: f Ho, W 1 TO Ro, (^)^t: Yoo,"^ Y^o, ^PT 
^V, ^ ^cf 5.00, ^^WU'rt ^^^ 

^ „ YOf TOT ^ > TO Q^h Wo, (TO^r: Wo), ^ W > 

toV, TO* *V»o, ^ ^° 1 ^ ^ ^ 

V^o ^ 1 TO ^, ^Voo, W : ^o, ott ^Vo I TO So, 

^o'o, q^cf: -i^o, Vo^ I TO too, <r^T: ^oooo, q^r: 

^ ^oo, ^nr i 

f^oft^mi^f^'^^T <TOFT*T fetofq ^tom^f WRT^- 

^mYYo,^*vi,m ^i, f^r^o, ^ff^nr to i^raif 

TC^f t^o,^ *V=t, ^ Yo, TOff^^o I S^RPf A*, 

<pot Wo, U wt, ^ "5?. Vo 1 

^ 0j ^t Wo,W m, «nf ' 

^pj, ^ w^f u«o, ^ ^ 

* q^I^:° l ^ TO^f I 1 M^M^^M i ^ ^TT^T^: I " ^ rf.l 
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^o, st>rpt s° i *nffocnr ! w&m voYoo, YoYo^j^^^ ^ 

£^ arcppfaaq^ enteral *w*tmz \ 

Cf> -SON 

q^iftfiRrtf wssftfcf amfecRiw n tvii 

q^fadi^to graft ^fosmrrqf w& w^fmmw ^ft^r ?nft: 

sifcfcRTrd" qf^RT, q*pp <pr^ spt f% ?rtfefcr i ww+fadH** -*N» ? ?, 

(st^rto^ joo) gferrc u?i ^r^p^^frfW^T 4$.s.©, «r<wH 

nfw 5.^0, ^rtr; yk*k 1 <dH<t,fcKn re v y , t^Y?, ^^q^ftf^fn 

^T5TT ^T%rf O^p, cif^ciH | oiH^fVid^ for sfsRFM*?* 

I^^T "^TOfT f P SfcRPT 3^X1 ssM+RfdTC* V, 

vso, vs$, sriwq q^frf^W f%wr tf*[r# n?^, ^fenr i 



wmfsrcm' *t, t^t^t fomt ^^o, sfapr 

^ (o), sf^ro; (o) i 

qs%^Tfe%% ^KHd+i : foam ^fadeffFT ^ fafSKTT:, %w1<4tt^lW 

YU*, ^fet STSfafa' *TffalT^ too, 35** 

So' *o | BUT ^Ff^H" ^TS^RT *^o, fe ^^^Q, 



*° sitt^ i « sit. ?t I " *T ^ I 



*1*tflf&<y4l*WcM lW TOST: II \6 II 

JT^RT ^ #T T?, cTcT: fk%T *rfaRl" q?% gT^T 1% fk^PT^FTR 3* 

*sq<r £ ^r: ; srwri *rfw^ ^% wi^r) ef^fr ?zmr:, ^ 

S^fcldfe+^Vr SWIM *RT, WTfa f%9FT^":f%?Tcf ¥W ^F?q% I ^RT; I 
jqTOf^T^ W^l+^Rt 5TRT:, U,+^Ri|d"1 it ST^T, ^FT^:^ (OT) 



q«rr ^rcr q^r f^wpTr: ?pt^th m^-=i prefer, rr g; ^nf^r ^TTsfcrfr^ i 
TFremnfr i ^wh^^hh q^rfwfa:, q^r i sfot 

wrY ?t4: tost: srfe^H wi^Rftfe u ^ n 

%RT, <KT^Ttft^TT f^S^f^(^T) ^I I M^dd K TRTOT^ ^ ^T: I ^ 



wrrc^rd, ^tft^rt: Tqwf% *rr^p- *tt^?\ mm*wi wm^i 
srftwi^ i ^t^pt snarfa ^farR* i ?n- u^ui 

(y^) -jn^rmf: ^rfq^T sfa (o) t HMRifaftsH^r:, ^r^" ?w i' 



nwfaqfid^ i T r ftKWflD i *r nm&wfit wrfa s^st- 

^ff, ^ ^Mifcfe^mT^figr md^'di" +rtofer ^f^r i 
f^T ^ ^rrq^r i dd^HK*H fg^r ^4<*i^d*difd miiD^r 



tr^#T^HWtift ?rc^mmw i *r(«r) Pscfta: shst^ spg^rfartftrro: st% 

O \D *\ ft. 

tfiTpf^f ^ sppf, rpfftwf>Wd ^% ^ft cpf: ^{P<Pd | 

vm mj ^ cm ^ cm <mr 1 ^ tfoi ffrHft d H l ' ^c^cwm 

U I H I ^ 1 1 ^^ ^1^44: T%T% I TOT <T* ^, SW £T%: 
&mr:, ^FPtaft: otpt ftt(t)^, felMp<Pw^ wg&tw f^(Pd^MpM«A 

few *T>T: *P|T%:* ^ | iTf imTTf^TTOf^ TOf <Tt fe* ft*Td% I Wff 

^rrcw 1 *5K*t*ttct sfeffrf ?r#t%, sT^rra:*^ mT<^^ crafts Pd^d 1 

tfdHM^tffa TTOf^T^q-: ft^P H^f^IdH 1 !:- W I *TWfgXT- 

^% ^cjss^r ^ ?Tfe ^TFTcTT^Tt" ^^^T^TT W^lt ^TT^f I 

^T^fsRT^ ^rf^T# ^Trf^fe^rr M'^r^ifd^ Frm o fiwt — ? 1 % 1 x 1 w 1 



^ i ?n ^ t ?h i i ?n ^ i m ^ i u m? i ^ i u i ?u 

jptfcr, rrf^nr few ^ ^mf«Ri ^nw crstt^t^ jfto^r, 3PftoT4H+<iRtidi 

^m: — *r fa *r fa *r fa 
? « * * ^ v 

faWTC, cf^Tf^TTf^X^K^T ^ ^t: WT^iT TT^q: TO d«<rfl 

Tlf ^ M Rd HT sJprf^ScT I ^ f^ct *ffa *fi**IMi W =^R: fs^TT ^T- 

^^TOT^n^^rt $m 1 ^nr^" ^miim^k: ^tf^n: q^tod: 1 
^55^ , f^f^ : Mddi^^i ^ *pfFmr sqfc ft to, snft wm^+i^^ 



'^i' fwrrc Wc^W 1 ^ srqfa° 1 °^Tft[ 1 " ^ 1 " c ^fei# 1 " ^ 1 



t ra«Mt s*fton ^w.w^^rm: i Hmr: srw ^r^fterr ^rftcrr- 

^RTW ff^T smt: erottj; | cTSPTT — ^P^<l ^: #|*ft 

hrt^ TOrc^^fMfcn^ 6 i ?fsmss?t ^i^i 3 *i i m Kim P*d life 

^RnwmrT^ ^JHRdl ?rtef^r Pnm°^ ^m, m^mi mP-^ - 

*TTff^4 5Rft^P?T^m; f ti^ipRs^f^ ^ 3^ 1 m m | Pi£pd <^puid r 



3o ^PF-TfWT 

to**t ^a^rra; ^TFTTfwr fa^wpJidi ^ % yjv^rm i 

Tiftrc fttM 1 ! to to a^kifcM^swr <rrc^ft <rfV*w^ fw^r 

fffifo WMHi ^^^^ ^ ^ ^ >T^T 1 

U 5f^T, cFTT W Ro^ TOT ^ I 

ri^ i f^^MHi '^^s^rro:', ^q<i^Ni^ 3tf ^rtfer i 
tot: n i ^ i *C* » TO i (W)- i v*3 i W i ^e. i 
m w^^tid t 3?r to sfa ^to^t^^t i ?p^t X to: 

K ^a,wwr ? ^rfarcrr r*, fTO*ir ^ ^ FTT^nrfaw^r ^tt cnrrss^r- 
^f«rT w wwr i ^t^s^tto tro^n 

^ nteT fafTT ^ U«i FTT^n^^ i ^TTSS?T * TO $3*, 

^^TTfa^* (^:) > M^Htof^ft fTO*<ft TT%:, *T tt^tTOTS^T 

^TFnf^^^) ^V9^oo;OTSSSr ^TO ^^,^RTfWT^T: » 
tnsr crjcfs^fff^Kr^r: ^ ^ TO: I 



^-TjftrraT ?os k TO?T ^rfawr XVo, ?*ITinf^r #f: ^isoo; 

^T^ftSf^T^:' FTTfafts^JTO ^»Y^X I "*^X, ^FTfirtcTT 

TO s SSTRTfaWT ^T: ^^vscoc; l]* 

sifts* ?Rft^FnroR5^#»f m ^*rt 
^ q^rf astf ftipiwipni imp w 

df^ rfrfrPpf f* FTTfctV TO^TO*ffsq- fafa: I 'TOT^TO*^ £' 

gi^scfclW ^TT a^ lW-lll TOT^T SF**RT ^TO ^Wff" 
FTRTtldlW W^T^T^^T, ?TTO7^?T^T S^TH^ST: ^ImP^I, 
^TftcTFT ^-^TRf^Rt **PFTT^ TOT t>WT ^^fe^T^RT^RM- 
«ri?TCTOfiipr OTtoraftl ^TTSS^ WTTWTHT^' frt^ ?T1W ^IPf- 



cr^o%w stfhntRjrre: (wwPwt) a* ^rf^, Pmrm 

\ * 

vw, fwir: ^v»X, ; ^ ^ ^ nlH d^ t stf^R trflr fonS^ i 

^ K V ^ et o «S 

$^i*r: ^ i fid^ r tot *trt; 

$ t* <s t; 

* K S 
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wtr, m% st^ptft ^ ^rt^r ^«nr (ot 

??mr: — ? ? ? ? spit < 3 ^ 
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X TO* 
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q^tFT^^r^^T 5TRT ,? ,| I ^ft ,5 I SIFT ^TRT MkHl4 

strht | 1 ^ iR^&fl 3 J 'J ! ^T: *} i n ?TRT: T^TR: HkH l 4 '%*PT- 
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w&zfzFrffo strut J i *t^t ^t^t: *5 ijfm: *m ^ * sr J i* mr 
fscftzmsft f «3farf«i , flTt% ^ J ^if fafaftfo, 'sR^rsrowf wk*ww 

^mdW - * T#' ^r, (?T*T) *vs *T ,| I 

3T5Tfcft &4H^T*H fWTOJ*? I 

^^s^rrai^r 2pif5 afar* ^t^^ft #^t^ to* *ts*t fa^rwr 

W^^i fnj Tzmr:— F ^ ?M y 1 ^ *T * ^ ?^ I *r ? 
#3: Y I 5T ? t I 

ircrt g*rKj«w uu*jm«h*«i ^rafijmprt ^mr:-^ ^h. y i ir# x R i 



sfeftq fiOT^SSfH 1M<W » 

— 

o « V 

^ msfat TORT WTR^T>feT ^m: ^ I «rw ^t: 

stt^wp^ftht *mf:— **2 > Ui 1 *2 « ^ 
fom4 spur: #^TTWTT^if^?^ i ssWttt^: <j«r> f?^ fasr^r^nfmY 



fS^#^RT%JT ^TSsfe^TT^ f^#^T%^mr%^T, ^ ^fifa (T^iTI^R) 

swffe^^r — ? I J rj i J i J i to fsnn | R^T | i*n^^rM <=f , 

^ W<T R I 3 I 5T**ri" *fs#? ^*TR 1[fw# Mw: *T5#3 1w*W$«$ % ^TcfV 

%^ y i ^ i ^? f^«rrit irfaTcr ^#t^r^rg sresnrm, srmt 

m ^'kT^^:— 5 1 1 1 V ' ? » I 1 ? 1 S 1 to 
?oi^ ^rf^^f^^s^ qfe^^ 'rPnt 



^ -^fa?:^^ sfoms^r -wre are q^r^ i e TT srs#^| 

smt ^ ^^^fer^^Rrq^% ?rf^ ^ gRi^t xttit 
1 5?* i *t%: * 52* 1* -tort w& m) #^wrmreTe{ #?r- 

iTzmfq- ?p?iR: H ?nr^r a^re^f st^t^t qfa: ^rn?f 1 -^ftrf 



1 

5 



^if^l — 

^rm— J 2 'J i 'J U 'Si 1' 
^i^nt — 



3* 



^m*i«^i*V fsj ?t i mrs i ^nrrn" f^^m r^ptt^ 

srf^nPtssTqfTcr: ir*rf% ?#t: 3^ 



5 



1 ° 



1 



•J 



^s^TTq- fwflr:, ^rf# qs^firarfa:, * ^frs fcPRmTi? ^RSTfa^ w to*t 1 



















5 



1* 



^F^gfsnrt 1 ^Tiw^r TOiwRwifH^ ?r^r^d«#|^i^ O^f^nr^ ^ s^nernrr- 
^t^Wt — 



< 



to' *^*5T^f ^qF?s%f w 1% zfr^t unit 



5 



1 



sref foi^a^ij snsNt ? ^ra' (v), ^nr * ?re*r s^nrfiR *r8r: ^> 
^rcrffr wfid T srT^nr £ j ?r^r ^ sftr sfcy f ^ 5i*t°r ^rtfr 

^5T?WI — 

^T3R*T*rfafafa ft) TOrmrFiT^:, i^t mir^t *^i^t faslrwT^ 1 



3^T?TR^ 5PT cTcPT ^^*T3FW^r TO^ fT^ ^ fH^TKT *PTJRTC ^TOfa 

^n^Fiw^r, sr^T^l^mT^iT 3nm%^m ^ *r%m^T^mTTO i ^ 
— J 



1 

i 



1 



tr^rt q*r* Ji^JiJiJiJt^^rssf^^ ^ttt; J J ' 1* 

^PimfaRf er snnrorflrcfq: ^i«iK«iNq sr^t ^rr— - 



c 



trqf q*PF «T«r^ vi^lfa q^TTfc — J I J I 5 1 n I 1 

^TTrftRT ^T%cnTTf^TT wr<ifci*rT I f^Rld^l^l+r: i m 



1 



1 



















^ faf^t fafa: 35:' sfo *3*faq^% <T3^Tfmre<j^ snwrfer 

^q- qRTJT: V9\9| tfl^llft|*r: TiIT: pur:* Wcfrfa ^TRrrT: Y qTTjT: ^ I ^rtr: 
WTTRTcT ^Tfosft ^FT? I ^^?T *[q%?T TO<<T*T H J « I ^ % 

qf^?^r qsr 7^^^ *r%r w^t t^r sm^, ^rsn^r ?^if*r: qw: 

C\ r 

q^fawrcf^TT:, ^ ^jf^r: \ \ J+ i OTfa^4)^Hp^T% ttttt- 
qsnfc ?o ™ i qsrren^^f^^^fa^ to*t 5* 1 srssf 
wr J J 1 *n*mrmT<r q^f^: *p3PST*r f^r ^fT^nr i 'p^n: y *jta*r 



wpfen imw <rfe$*rar sfe n w 11 
fft^ ^^iTf^T^ei^Tcr JiferqftmW ftrt i ^r> § ^te^nron sftTr: ^ 

3 , 

s^wnfa snn*RTfir: h^t(^) %i J J , *te*t*rt%: 

^Tl^RT clef: fer^^TF^ WfT^T II II 

c^Tfcs^Tc^ t^im^ i ^ oft M*r i "i4H*ft : TO t w r wito to, 

^RR^sfk 5fa 3JT ? SFT^T JJlf I «n5*T5rPTT<r H 



Vo 



w% gq% w& wmi ^h1%' f^Fr^Fi; i 

m g^TFr m d ^^Tcr wnrTTf^, ^snrpfcr^ mww 
T^ \ < \ {kM t wtfmw^n ^M«kiRt4g nft Trfa: i ^twpt *n<T%^ snTT^g^f 

snn^Pf f^nrarat n ^<> u 

<°; i ?Rft ws^f fc R\\ \ i ferret fmm mm: * 



do^^o^o i TrfitT^r^? sr*rpnr?[ *rTcf) Ye^svoooj ^^j- 



q«mt Ttfe: i sntn3ti5i5iw!rf^t 5% Tiftrawt srwraa wt% ^ 
fiF ^. , ^ ^ few f*jftTtat=rm mm*. Pprw staflnfast- 

A^ifr «retanfa*T?ra <nwnW wrote, aowmlfcs 

nfe, ara*rat wil (trite) i *afcw*iT OTfttmWsW 

m item* «n* few sfturoift aunstf, taw WW**". 

'jfRRRfl 'ft^ftll "1^" ' « HK H K t: I W* I '"W" 



qr^rT ^ fr^rrmf ^(^f )t*rf t **3*nr *rafsr, mro ^ 
^qj^ft graf i *Rrffcifon*w sttct^^^tct sr*rm^, spots* fowfa^ 

ssmsq^ fore ^^r«R^* i fw n 3 C u 

^r^ir^^r^ fossil i 



^ ^sfirq^ faros s^TfaqsTfacrr^ i 

qsrofemi: m, forfsfr, ^ aw^ sm^is ^rfai:, ^ *af»' 

sRnfosrcra ^Rr^^^^*q«rfrsicT?rm: ?rraq£ *m*tn? i ^ 
& sfcr ^ TWPft i£ to* *ra*r' ^frw *t *eNr * ^ftrftrwft 



if 



l^'tfR: , cfFTT ^ ^: *ftn^ 5T*pmfr ^fo^rffc ^T^T 



meft ^T^tmt to*: I TRWie: ^00, I *I**T *m ^ 1 



t 

^ o o 



1 



^V? ( *m: J ) « 



2« 



9 



^fop^ ^prrTT q^^mT t^pf^gf Rnwr ^rersst wfrr t 

m^T xtsw- to":, fw*^: i trfwT sr^q^ftcr^^ft'TTs; ^i^fenrnw 
f^^sr — 



^TT5m^fFr#?f m^^t trnsrorft 8 ^ ^r%sq^# m^rmqw^r 5. 

fecftaTT^T*in% VYc; w ^'4 vs. ?nm: * 1 

*v *n^mwn%sfapj n# sftar: 3 *t(o *) 3 * \ *pit: 2 1 



mtmm mzvjx&zf -arm? qft^s^^irqf^ fafa: 

cr?r: ^stTt: t^fa ftcq^ foj^ft ^ 11 » 

<reftr: TO^rr: I q%, fafa: <mfirfo i cTT^tt: W&W: «MNdta f%Tcft 
fM^trD **ffiT, ^^TT: h T^r W% I 

^ ^rq^m— } 5 i q^ir^qfK^# q^fas*ifcr^rri*r q^s?im jfft 

W«ri qt^roTftg ^fqesrHT ^ fate?: i 



t 

iPT STFSFTSTfcKlFr WFiT^mfPT^ ^KWfd^ ^T^TSTf^^ 

'farfcrerwrt cT«nf^ mvmf % ^ft^r* ct?t to ^rfirfcrftr $ ; 



sq^rt^ <rsn*cft <r>?ira# ^ ^rmir — J «, ^ 1 ^ ers^r m *r<^fawrr- 



i^Rf ^i%#2rt: wrprs^r stpt softer ^r?r1%sNrcu ? sRfa^mq- *fpt- 
srmt i ^^^^f^^Tvr^f^^^rt^JT ^ftwr ^1%Irrr ^^ftsrpt- 

srf^fTR: SRTFmRt ^ f^RTTftl d <tl fespHTcr ?P^T 5F#R1T I ^fas^ 37¥- 

fFT##^ Wt^mT q??i%TT3r !TRWriW*r R^P^T *T*fRR ST^p^, TSTTf^fiTO 

*pR<r, irm^TftiRSRR ^ ^t^t <e?r, <ns*T Ptstft, spr^r tott i qsf ^% <ft 
WRTR^r^Rsr ^r^mfa^sRsf t ^*rwt <pr^ fweft famj 



* °^Tfe i ' i <0 T^5R: ?rfe: t w ^ I " g^lf^^T I 



ST^tNm HT%ff wlWR ^WcT^T €T*f WHIT 

v * 

«np: ^5 1 qcfV 1 °.° J, ^5 **** 'wMHvffit faf^r fote; 



TT^ ¥W(fR SfHl: 5T%^ WT, Tt^?^ ¥7Pf*T, ^<im- 

^^^^ I^T^Wfr |fa?ftc*TT n 5re*# famj WJJTSS^5RT* cT^TSTT* 

vim: ^oo;-5ri5RT5ire: ^o;.^ *o, www u ' ^femro^*^ fsfa 

otto ?nftR>^ ferWrnW^ 1 ' w *\ n 



srfe^r ?tct softer ^ sotw ^ ^ & 

™« ^ , ^ *r ^ ft^rr ^ TO*: ^ ^ ^ 



1 



^wftq^ o^n^iraw: H 5rfe^Twts%*T: i wfavnti' ^ 

^ s * n 

(qtf) #^tc3tt%" ^ , o o (sRfr) ^t«(t% <e«pt J5;, ^ft s^r- 



'1' 



fg^rk: 5Tcr: fawrtf *tm* ^^JK 1 left stwt^ ^nn: JJf^ 1 







^ O 













^ ^ 1fl ^u;- ";?5sii » 

Mta? ^ nft *n^r f%ra^Pff: feSTOiffcis 'firm *p*f% ^rer 



tr^t §r sfifig ^TfV sTm^ttf n ^ u 

lifer snmtsKjt^rr t r^r 3 *m sm^rt srtr;, srf^mf srfd*wi^i«r: 
^TTe^mft w^r^nT, * idld«*>H) i *r$f ^ shrift ^tPc 

H ?mf% ^Fc^ ^TT^ I 











^ ^ o • 


^ o o 


» J 1 «> 

^ o o 1 ^ o 


«f e o 



mnm iRr^r^Hi^ ^, f^ft* ^, ^ftf krc, ^ \^o, t^f *nmn 
^rtfrmfa) ^ trf*i: f^#: f^r ? i Yo i ^3 i srm^ t 



%0 



^oo\ Yoo TT^ qqsp f^2TT (t$r) fcTK n 



*rrt^ <ra*p& wffj' ?w?^ it n 
^rqTf^f ^Tfw sfor, fat q-«rra^^f T^f^rr: ^^f^n qm^^ *rm- 

5crf*P»& ^^PTfafcT KTTTPTST^ ^Ttf: — 



So 



1 

^ o o 



loo 



^ o o 



^ o o 



^ o o 



* 1 

^ o o 



1 ° o * 

si 



snr 5R% TR^T^ra^ feft* qcftf ^5, ^ 
^uwi: s ^Nrff J« i «rat tort* fon^ q^qt 

1^ V*oo f «PWtTR $ooo ftf ^o°, ^T^^^TT^fcf J, Sfa*Ua 



^ o o 



1 o o o 



q^ <ramf jRmsnwrcrenr: i 



* q^^r i s qwf^# i 1 sr^v* i * ^sft#" i h ^tw i ^ q^nwfft | • sr^r i 



smnsrwfe* ^rcrfW w. <wrpafl*r pfcr ^rat 

trfa^T* ^RT^ft TTftr:, tr^ur: ffa 1 



K SFTT^r ?oo sfTcT: ?oo, ^ K w: *©,^»Nr «*fcr * ^r: 

tRT^m ^^Tf^^TrSr^Trfs^ftinT^ft: ^^TT^T^VTT^W:, gift: 
^TT^ITcq^Mcft^Tft W3I%?T ?TT*W STCTCS HTTT^rssrq; 1 

f«Mimy x 1 ^ f£ *t^sr w ?ttto W, «r?qT?r<rerfra# ^sfq" ^ 

" life *I5ft » " 0( T^% I t¥ I^RfH^ I ^ 1% I 



1 

<j o o 



fa^^?#^rfam*r aim:—, . 2 * • i 'iffa w^ztt^tTcT , . : 

m ^ ^ I^R^, sr^r* 5rt^^ srapg^f t^rqt ^mr:— 

3^t%, sn^mw f^f, <r«nfa twxw$$^ q^f ^ 

?r^T mro ^ aft* $cf, '5#wrfcr' #r *afrf <• ^ 



loo 

5» 



^f^r: m: I, m*fmvv$ \ *r^r ifm:) 5 ° star ^to: sfair j i 



^JT^nf ^ t%^» S^R^f iffcprfta 3TTq% ?TTWR^ f^^RfTWT | 

^T^F& ^fwr II II 

^ sirre?^ cT^t sr^* f^^f srm# 1 

«r<nf: ^ *Ttar: Ko, 1^ ?^ ^r¥: 1 n nfw: *«^» W ffcr: 3** 



s^n: s^pphm, <rar srer mm *rnfo^*Fta: xmz&mr. $v®n~ 

* I % \ * 
1 * I [ 

^r^rc^fe ^ to: * ^ ?3 » 



^ftS fa*TcP35F Jjf^TJf TOSS? ij'jfo f SfTT^ ^ g =5R^T ^ T% 

«r?fr zfts^fV^ to *r 55rT5r: f sqnsr^ c^-r ^faww, frr^^?r 5 ^fwmii- 
sfa ^w^T^^^T^^red# ,, stp|to sfo fair* *r u 



• ^ ' i5, 5 m- i ?? i 1 to, to to, 



to' grR^n^R^&ifeft *} to* 



^<9 


1«1 




IS 








1* 



It 



^q^^jT^^T^^^sr^TT^rr^^TJrr 5 fSwPwteiT ^NnffaT: ^rm^^n ffa t 
cnfa ^ visit* qft<m(*%)wi n m m 

^T|W — 

BiPrafe:, 5^n«CT^NJT:, qnftrfarf:" ^tow*pt ^ar:, ^ gam 



snf^Rrr" ifcr 1 

ffrrq; m, aefrsfr H ^fer" 'to ^ ftata m, cf^tsfcr j*r: % 



*f^>nfaf^srfa*f^ \\\\\\ 

f^^^TTSS^ WTTC[ ^STCTT: fiflKIT II ^ II 

mi s^snTT&r ^tr^ stir sfwpfa 1 



^w g ^d' «ft r ^#ir mv w ft *-T*wsi*S£--w-«wfc§?p**rtP €t i 

w^ff ffrfaum: ^tM?: ^re^fe? grreifl* ? <r foMftwqfqw 
ssnrr^ — 

^^^^f^Tt writer *ref%, zrrg ^wt^stwftt g^jf^fqPTTWT: 

^rwfaff ^ i WN i 'M fa: 'd^r^^T^r^frr ssr^pfaraJTs^pr* gR^WN"^ 1 ^ 

w ^t^t 1 w TTO^ftff 1 w ftWf i * toft inrfw 1 * <nwn^f 1 



life ^ffT^^T^^T TO <TK<W^kT fofafa, M^uI^RRT sTTTOTTTTW 

■^rat^tf 3^ ^Tfa^ww^rcfaf* vftwrnr., tot 

TO*R"T fo*Pfr[? ' vftfsf ^PS^^lTtTOWlT W I 3<fo*T tfw TO* ^fcT % 



In* 

^wfafcft eft s!j??ft |$wro> **HcTT* 11 vs n 

H^TSTf^ gwrfa^ TTfe*>l^ 11 ^ u 

sT^^r^^^nft^'TT^^sfl' ir^fttefV ^%«r>hit <jw qqir^fl 

ff^Nr: $3$$: w% «re«rftrat cPTl^fWhnft: <r«rsp qsr^ wftotf Vetera? 

^FT *ii ; reT'Tfe% "TT^ sffte^T ^5*3*1% | 



vfr ?o *fl«rhnwrt J #n«fr t vw: ^ * ******* 

art**' 5 S<rr 'J, *° ^ w tf^* 1 ™* * TOr n, J^~' 

****** i fafon * *mr*T ^ v$t ? *f**rr v, fet<fr J^pr «■ ^ * 

?smf^ft* eft _ . 

w^r«««r « , wtjot^" ^ ****** ™* 1 

wraw^OTff" i & m ^ 1 



SRTgtf ^ft^rT <f* f% FTT^ f«T^ 'JTO H It 
TO fairer: u^nr^rT: 1 



WT^FcTt ?V f tr^nr STSTTT TO , J | , J | | ^ ^rf" 

sst^w! — 

^ccr^aaTffi f% s^hf^ u u 

sr^» ^ ^f^ra; sr^qr 00 ^ r ^n, %TTf=^ ^fa*mt 
fespf^r^nj *Rrm^i q^watft v& sttct, 5fT?r (=*r) q>5if^ ssr^nsrastf 



^rquznf«RT t <rar q"aw sorter cufta^Rrusnrrar ^rsFn?qozrf^ 
feiruf f^^w faf^;^ srfrR 1 stf, ^^fau^n s^^tosTfafcr i <r?r q^: 

erossrrei sra^ref g^mf ^ fgs3*rcjTT i V9Y n 

^■^tt tret rpssrret *>^nf qw* «rw^ m^5ntere*rter»3«rpT # sra^as, ipf^rfsn^- 
^m: — J 5 * 

^, '^q e&r ^ vrmFifafV i «n? {%) ( ^ ) 1^ 1 ^ 
^ fcrr srq^T: I fir«r w * ^t: |* ] ^, q^*f 

X$ ; ^rt qw?r gf^^^ ^"t^Tq^^cq^rsrrr^^^rr't: 
" ,f ftw q* i to i 



sjissir: q^rrfa ^di*t ^ ^qxg ^ s*ti^ n t 

F|*rtite9isp ^<far # fqcq^T Er^JTT: T^tf sr^r q-^n: q^r^^ 
^5, <r f^f err fairer" m 5psf spnrPTfrq-^r i ^ ^ ^^(tft !r 5Twnft%)i 
( mm— *T^Tf*ro ) ^ ?, *m: n jt?7 $ TJt* J ( ^ R, X 

§e*^oF ^ f^* *nrsm*5f59[: spirts?*: ii ii 



TO^nPr iiFffarfa, f<^> strewn- vn^vfa, ^ s'rrjw fto^t, 
a %^tit^^ starwtf ^ srs#?r jt*t^ ^t^%, sresfficrT i 

O&zwfazwz: m fas? n n 

* ^ (<0 ^^fa^U^f ^t^t^t 5 ^fe^^^sR?^ sire faNfcnr i 
?ftTT^J7% i ^ q^^rrfw:* *r ^ft few srrcr: ^ ; 



' q^RT%: ) < s^r^itf^ j » .^^ TTm . , ^ , ^ ^fforfKT' i 



^srirREt: so, *rat ^T^t ^Rt q^R^r ^<tt% sn^% ? ?, <to$tt 
«cft s^ftf sf^ht *F<rrfa srr^, <msrc * ^ 

fR^qr^s, q^^^fa*^* tf ^ ,>r ;» ****** W^f^ 

ft»afa ; ^ *Pfr TOFTOT TOT I 

^tht ^=5Ht fam wvi? wti, ^,?f^^r *r*ht<% fef to ; 
f^^n ^o, mt ^«^mt ^trt ^<TTfw v, cpnr^ ^ 

sr^^r ^, irRRr% to; *w q^ssro to st©, <rat ^ ^r^t 

wit ^"ti: srftt ^ «ft TTftr^Tw f£*T ttF^I'Tt Hf^t f^q: H i 
towt ^ ^ 't: ^'^^' f i^ ^ 5rR?p T ^ 



^$faPTSF5rfrr*r fiqq t tjq ^ fesrc q%qt sqq:, r&vti % f^^r: i ^rwi 
^faw^qf srrf^^cm^^m^:* qjsqr: qqqqr srrq% i 

is^ranifasfj'ra: gq*rq<rrssfa fogT^ n w \i 

t&: snfeTOqt fScfTifr fsWT^cftef^i^ q?qgq; q^WT*:, a: 

sqtqqwqi^u qqrqffiq q*$fq ^taTfq, ireqftmTTfq ^qq ?r*q% ^ttPt spw- 

qg^qr fa^qprrq q<qr qqqffcj fa^tqifq, fan: fkifassm^ zsffi q q^ 
^qi^Ff fa^q qqqjftrr sri^r 3>q i 

*qra:— 5 j ? | ? | ^ qcirfq, q^rqiq: 3 i <^ret sqqr ^qT*q q?qqq 

q $q ?q^T^r: — ^ I V i ^ I \o srqrfq q?irfq, OTq: (?) I 

srq qq^fq^TTtereST ? o, $*£%q ? qff q: * $ Qq qfa^ffq^ ; q<r 

q^q^qrqq^qfrqiTT ^ fe%?r ^ qfaiq: ^o, q.q q;q: i q^qTwqfiqqr (|^r) 
fs^f r q?ft TOfaqsft ^HlfufeqT farfqqiqT qqq:, qq ^t: fs^: Vo, jqqjq: $ t 

i mwft q?R?RqT?q q^qr: qqqqi mfa i trgqr— 

qqqq^qq qfeuqtqTfq srfqsrfq^ft fq^tmfq qsq" ^q ^, q<n^ ^ saqm: 
srfr^qqqfqfq w"*^ *f&tffa Q^jjtfmmv q^Fsr^Tf^T Z5t \o ; ^«TT %qta- 
pq^Tsftfa:* ^taTfa qmfq sifq^fq^ft fcqfaift srsq 3, qoqsiq q^&r 
?v sffwrq: qfq^qqqfqfq q^^qrfq srsqifq & q^^qsfaqsrTq jftf^reiTr^ Xo ; 

^qq^q^ qwr^f ( ^ $c ) srq: wt, qfq^qqqfqfq ?rsq wrsq^q ^ 
«H*^3f?ira5rr# qYqq \o\ aqr q^qq wsq qfaq ^rtof^^ f^^l^i 
^qir q«i5rT ^ £qrq: srfe^qqqfuf^ ^q ^qq^f ? sq^cRsrefsrasir* 

^ii^qqTqts^q^ 

1 *q^iq* i s fjsq; ^qrf^T I ' ufwfwr; 1 * *?fi^ I H I 

1 *^1q^ i * fa?ifi«i i 



^fe^rfa^gH^Tftsr^fa tRfifai <^*r i <pt *tt^t st^rt: srT%ft 

5T^t%^ ^TWlf sfKRT ^TcTHT^PT U || 

s^mtf ?r%^ *rqr ^facn^ £ ^t^ttt: %f=^<TRT3crr: ^ ^^^r sr?^ i^r ^ 
^firsrros^TtW %i ^mi i|t?^r ^^cf Tf^RnTM^r^ i % w^^?sr- 
sqwTT^m ^Jr^r^f ^cf^ w f^^ft qrrTT^rr ^ri^, q^^ft 



^ « a 
^ o o 



'IP Slip T^T^ *r*nft' * j ^t^r^ * qci^fetf 



9oo 



Y I !( I * I cTT ^TT: q^Wfar irfijRTT: m^?T H^fcrT ^fef " $W 

t^^hi^ T^^n ^farm: ^rftwr^fsTT prefer Y ° . «r^r ^r«r^m^jr s t 

W TT^tarfa^TW: ^ft^T^TTf Tqr^lc°hl% ^?HR?^^ H trqf TTSffarfa- 




*T2rnM fe** ^ 
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to 
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tTcT q3=w*rr: * * tftarc ^» ^T* sto' ^^fe^T*m»T i fag 
m ^c^fa: 93^3r 3" ^ Tpnrr: ^rf*T: ?o grot 9 



^ o o 

< • 



3 i « 
\ i *t 

^wsft, <ppt jwnfem ^srife: i w^W^ sot ft -aaro^r 

^ift I 5PT^T ^T5f^f7c^fTTffT%f 4>MIMfa: «Pm^f^:, ^fc^KM 



|TH ^ft^^HT^T^fTtTTm^M ^mTT^ tfVOT ff??^T STTT? ^T*ft 

q: fa*T fcqufaf^T fo^CTT qt5RT^<*rt 5PPTO% <T*q ^ifvpt^ 



Y 



X 

Y+ 



}|«: pi ircraqs^w*faraw«A fore fvfiOT fasriST i ^f^imm 
^nrTOTf^Rr ^^^^ ^ i w ifeft# w^m^rir 



Y 



t 



^1 

Y 



snfcfa a^nfatf spirit** foraat ansqT, swt 
fc™*T%^T^^*tfer; TO*M*^-<£i*fe^ ^^rf^T^^n^ 

atari***: <gx w^m^^^xnm wfafanng not ftrifcpw* 
^Rfoq'^Tc^^T^f ^* [< * * m % ^ 1 



ft*r OTftsi^Rf farift ana sin ?00t ^ ? ?oo ^ ^ 
wifcn * fort* *o i inr T^rwr ftHfe ^ ^ 

i ?oo i so, to?oo ircft so ^ ssoo, * rf ^ r Ho 

«Tfi^T^m to shot u ^ h 

*n$— ) * 
*TPTfa ?oo ^r^rrcr ^r^r feinm* ?o, srr^^qr * 5 

*nft%wfa ^Tffcr «fta i m mffasrw: wrsrcrc^ ^rftrct *tfwp«Rre*- 
«T?%rPr q^r t ^ 5^ ^ T <reftatfWs*qr- 

W£t f^T^^lfH TOTft*f?nft* ?Tff% ; to SPWft# *T^fi <T^fRn 



wnz* aiftw ^w^ntro* f^^pmPr TOTfe^wPr v*fer; afcr- 
^^rfT f^rrfa*^ w WTOtsp^' ferrPr srh^ q^ q** TO > ^ m ^ 

^rass* Ssrer q^riiTf <r«far: q^; \\%* \\ 

^ sTTOfta^TOaw* 5** ftfafa amr: H , . < ( 
^ q^ssrroftr'fir to q^T: ; ;OTsrcfcijf tftf* TOKrsror qw=** *j<t* 

trf^Prfir frnmfcT J *rc#ft?<r toto**?^ wart to^W * 
flraffc m:, <m ^m^mjrt w ^fr qft^ fe^m 



^ n^r ^nr <T3T ^mfg^tTOsrr^V %^ f^m^ sri^rfq ^sfg^rqg ^ 

00 sr^rafa ?r ^«rr, ^reft ^s^ttt sqrgfa^d (*r *r) ^to^^ hin^h^ - 
to^t fa^s*? ^q-fer, sfa ^q^^qfrsqtlr qT^^^r^Frrql" 



t 


X 










\ 




If 












3 





SOT ferqit ^T^: fltft fa»5STRT 5Rft foPTTCTO 5> fiRRT 

*nqn$mqm q*** tfW snrfarom: 1 wwtot^ ^ 

sftit 55td Swft sottH: fefaqwro: II?? n 



oirr 


3ITT 






























err 




\° 







} ^ \ ^r: 3 , tfft J ( ^ } ) 3^: J , aw g s+jteirc^ 

KfgnHw fwfeftfir ^ 3 ! 3 U 1 ^ $oo «t*i* 

^ s ! ^ [ **** n ; l *? c ? » ^ 

^ m \ s ^ ^ 1 



5Pf ^*R<?T*T> ^q^T ^feTcT 1% SW^Tm (q^>: qs^nTPT: fester 

q^f qssntRT 1% ctat qi#p: ^ ssre^r ^iwt — 



1 



q&r ?oo TjfbRf iroq^JT qs^r^Rq^Rf 1 ^0 1 1 ^0 1 1 qsr^ <j*wj 



1 



to 





1 











^T>?r|TT^ trcr?^^: s^^^T ^ ^ x rr^zf 

*tct <re ?nTtsPr w sr^tfar, ^TT^T ^rarefa ^rregt ra^mm 

sRT^ftq^#: =q-gf^5T%: qftfaf^rr i f%?g awr^s ^rs^^r^ 

q^reilcr^ ^iqw^, q^T^oi ^raarRRrt: 'aprfa ft^TTTf^T^r 1 vfa ff 

^Tn^T SFF^Tt ^qTUT stR^M: $5R3T5T ^fe^?T q^ ^WR^RJffit ^f^|fcf, 



srat^ 5rq,ft mrogvifir: fg^foronr: qfoft f s ^ : ^ ^ , 

*w few wfcr *t 3*r f% i 

*mr:~ J [ J I 5 | J 



sr^f^cr: i *rer 51 ^rafsreNt ^rsrrf^ra: a^rarraW TeinreT%: ^ttot^:, 
^^rfcr sr^l'fa i srtoTsrRf ^rm^r «irft<ifenimF q*rq> wife 



1 


















1 







c 



1 


1 


1 




















1« 


1 





(ersr>*T?<? vffa tt^^t ^t^ts^tt^t^ ^o^rfrre^ ^^nrT^rT^T^f 

(fitt^T: — ) i !< | £ | 

*5*t TO srs^?r: ^m: Ho, %o, spf: ^oo, 

^^n^WTOWS^^T sfacfrT^ ?W ^ 5RT> *T?PT Vc;, q^T 



jfitSTF^ TfTR: 3 ^f 5 ^ I 

snort swnatf s^ss: tt: snfiRftssr & era t sfr% sm* 

fefaraiW jjfiiRr: voo, %<ftir: snmT^r ^ *Tfa^ \co, t^ft 

( ^W^H — ) 

q^TSrHMsmT THfa^R* fas***?!* WW* I 

?T5ftqf^^TRi 5i«rc"t T[f^rT«r:f^«r^T ¥q<T *rc<pprc§3^n i an' 
ssptt prefer i <tct ^ <£fr*iprRf*3T# Trf^r $<Trc<r, RTOfe^f^fafespsri^, 



^zqr:, fct^r:, ?n^T:, 5TWm i 

TO — 

*j**flnA *wwpft, **5««fc fiwawitf, firero#, 

f^r^r^ff, feRcnr^?, nwnwft to«pfj*, w^iwft, w^mpS 4 , 

^fa^W*T:, ^fo^TH^T:", ^Pfa^^r:, *5*fOT**TT:, 
trTCTRT:", ^W^IT:, ^PCTRR^:, ^^ST^T:", ^*SPT*TO, rasrsRJ- 

hwq:, fewwnn«rT: , * f firenwrafpror:, few^nre^, fawrarogr.* 1 , 

feWRPmr: w , ftWTOpPTO. «CTTHF5T5T^: W , WqT**HTTO:, 

^fa^^T^T:*, "PffflnTOmTO:, ^d^w^T:, ^fewiwr- 
5TW: U , W^T^FH^TT:, ^TOTOU^^r:, *STO*n*aWTT:, VOTTraT^- 

t¥ '^Rt^T:^ F?r^ i w writer i * '«mrraT: t ^ °ftra?rtsr i 



q^xv., ^wra^Ti^r:, *&&&&w*V r -> fewwrorrapsnpiiT:, fewwmiwr- 
uto:,' feimnm^j^^i fewn*rawi^i:\ ww^wnro i 

^awww**TO:, ^fewwsrwTO:, ^iwrrarospi^:, 
^fewF^^r:*, ^wm^^^T:, f^w^*r^^: i 

^% $^sTss^fe serene *wsr& ^s^R'T- 
(*) ^ftawi— 

tr^^RcgfTRT: <TT*N ftofcr few: "WW ^ ^ 

sfe « wnff ft^R*iT ^T-^t yff «r: ^: ^ ^ ftwn^ ^ 
^gft *z*wft t^ps*. Tpf TSRR^r: 

q^Kfr Wcf:; few** ^ jftT: ^few*T*FT *RT: <3^J 

f^f*^:\ W<T ^^H* few ^ TO^T ^ 

Sffaifcr, foRTWtf feWT^V few*r3*ft fmzmt, few ^TftfT- 
S^fe few: e-^TT^: ; WTO J«sfeWT*rt OTfWOTt^ 

STTOTTOt Wfe ^T^T: ; SSFff ?f 

STWcT, ^^P^tf, ^ ^Wt cnf7 Ti%fe *R*rtsf<T ^TTFcT: 5c*SM^<WI 

sfomferorT:, t^t «P2^fe^miT: ns^fewFen:" Ts^fewsiwn *£*faw- 



¥TfTT: ^^fPTT^rT: V^WTST^T: qRFPmWT: qrs^TSnTO* 

?^Rr»ir:, <nr fwfm^rrV snffcrenwft ^rsnfcBq^ ic^^rr^r- 
ifsRTi in: OTrareft ^snssnj $m fcfeq^, feq^wsr^T: fe^qf- 
<fro?fW* feiawzmsnT: fawi^sramr:* f^FWTi=?r*T€r^T:* feq^sRqsrcr: 

*2fe*5r$sra5ra«n: refaierwriPTTO: ^2fe«Rn**re'*RUT: q^f^ciT^qsrcr: 
spjfa^^npmr: «F5wrai*sr**w: q^qTST**i*mT: fsww^^^f: 

q^fac^T JTT: ^qT^r^^H^TTOTg; fci^t Srfaq^f, fa*<F*<TnfT**r*ra<TT: few- 

wzti^wt: fe^qmsrwmr: fewr**i5rwn$*T: ^f^r, t$ fa^^T- 
inwn^ few: s*?t<^: i i^T^ft w*^p«n ^ftra^m, ws- 
froPRrar: wn^f5r^»iT wivui: ^mnvtmgmxi sen^crr st*$f- 

^^qjq^TT ^^TFT^fcRSScft SlfaqrT 1 WTT^r^^^TT Sfe, ^ 

q*^^ 9 ^to^^f s^fa^n:, ^fq q^^snf* qefe«f<rwiTfSrFT ^rste 

fe^er^ H F ^I^ gr^r: ^%^^TT^T^T: q^qfTW^^'WT: qazfewi**- 
' *5pr I ' ^^J* I ' fe^«r* I * fe^M* I ^WRl^IT* I % *STCfaT* i 

* * SB ^ 



^j^^^iTWTT sfa ^ TTOT: l 5T ^ ftrcfe ^K! ;tf3<JT: I 

ststrptthto ^twitH^: %faswr: T^ten: %f%<r Sew:, $ <rcte&T?% 



If 



SWT 3 r 



trrt ||JH ^rfoftf ^ N^j, ^ & * ^ ^ ^ ^ 1 
srfaspTfp^' «nft frsN ffa ifaft ftp*** n vsv n 

wir a *nft to imrto^ ftm^", ot^ ^firatfsfer tfsfo 

*tro, 5rfWhfTW!t "wftfe ^, frF«TPRTOT|p!W >nft faffed* fWr ^ 

^ srfirnte: i *t*| ^ ^i^^^ 



;(3I,I i ssRf sftc™"* ill) 111!? 

^ * TO* Wife I «* * TOWBf JW TO WWjto W 

ftniftfir ?wf*mfr » «mnrffrr ^ * ^ ****** 
* 3 * # * ^ **** 

«T«TCT *t&€t W^f^i^r ?fcf J 

^r:_ ? fata' |JJ fans**** t faRwt^ U I «^ * 

^ TORTS <S*r S ^, ^W^NT: * ^f: Y , ^ ^ 



gqr ff srcqT^ qsss * i *n?q s *rer ^n^^rfer <prq^ f?*f<r *T*mrcr 

WflW: X ?*t: X, ^r: *X, *ftt *F 1,1* S°> ^ W ^ ^TRtT- 

&T%3f STTO q? * 5TT^cT I Spflqft SJ^% l*cT^ 55*nT SOTS** 

tfgef «rafr wsi' XX , *ptc ^, 3 ^ ^ « ^ ft *g* ^ 
qm%& m*F*w: v, smsrati *r «?, fere * i$qq i 

eras str^w ^ctt *rrc fvm *rtT*wQf& sraretf *w 



wrRT:— (*TT:) 



TOf ^ |_?J, ^ wtftf I jj> & ^ ^ * 1 S 1 ^1 * 



^t^t: — ^ \ , mm JjJ , mm | i J, (*Nt<t 5), tow** *<?f ? , ?w * i 
stctt: J [ J I J l^^rfto 515)?' ^^l^ Iv 

<R*: fgaft *rf^ ^ flrftf ? «<T *fe ^, wfcq* 'mNfa: W 55^- 

^ w.towm ) J I to 1U1 * fe ^ ^ — 



^ TrftPTftTT q^r^fiT^ ttsrfrdi ^ft 3fr^r sf©* 
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e 














V 

















qjfero q% I fotf <rft ^steqfa^qR^ ? ^Pitf^ f^ratR 

jwt— fg% sntf 5r^# q^r% q^ $3tafo*xr f% q*r ^fa, fof^^^T^sr* 
sikrito qs^rfcsRm^ %*$t *r**rt crw q«ra> q*r^ ct^t 



f^Tfff ^TO^q^^T^ — 

^TFT 4^^* Wjgift: TOfa^ ^ ^FSr^rfT, ^fa^T 

^T^T^ fat: STENTS" f rreTS — 

TOST TOTg^ fUfcg^nt cT^^l* II 6\ II 

ir?rftT q^^rf^ q<; mf^^cf asnfq ^q? ww? sjta^, afore^ 

crcqT^^^TT^^^g^on^pTTcr i 3^ snwre^ 1 ' mm 3%*t" ^ 

^ <\ * g\ 

to*" i 

e^fo I STfffT^feKrFqJT STTTqTTIcf ^Tf^T^ 5T«l^ faq^T ^T-cT^ fa^f 



tipwH ^fr, ^wvtfimK ^nr ipr^ror srw^^nrR* m^ft ^rsft sttocT 
sqft: s^st ^fafl^felto wfsra I 

CO 

sr* sr^Rtir srf^ *n*psi$iztf fa^srrfrmct T^^Tfe**^ *nr^£t- 

SR3T ^iftfasT5P^»rfoRf ^snmrffaTTPTSPTT'fN** ^fiTC^^St^ ! 

<tstt *rftrcfa sr*PFrc«teCT: w #s 1 t^rt^" srRrrosrr^t ^ra^: sr^r vffi 



^TOttetrPi: wife* qstf^ft nftra* i 

q^re^ qs^nr re m imzu&fcz: fairer: smmfafcr i 

TOTC* 3 ^ ) ? [ , ^ ^ ] J 1, *n TO ST" **TT*T 3 *RTT 




73^^^^^^ q-sfT— W^f [f J, TOT| J | 3tf ^T^^^ff 

wrrer: — 




* c 



' N5 




5 *TTT 




smro^rfsf, *rc*T!RFzr smir^r^ fstffef 5 faj?rfa% ^wqt: Wsmn 



fafe<?r <t? (o), wfcr to 3 Trf^TRr: 's^ftc ) 7 ^fr c> 

faatwrawrf^s^^ ^ftr: ^q§tf 3 to ^4 \, ^ km tot- 

tit: qs *n cnnrq^nn^T fisW mRffrfa wi i 



; TOW 1 ■< 'tot*** ^^'1' ^feqWt , < fejfe , -ft, , < ^ , 



34-, srrforr * ^fcr ^^tit ^ qpft' ©, ^ q^r s^F^er ^ita, 
strt^t^ crepTn*rFtff firm 
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*r | qj 




1 ° 




jlo 



o 



, 3 



qj 



'wi^t^ Frof^qt F^qtf crFg-qjk' ^Tcf ft****r q^g I 5+ 1 5&*r j £+ 1 



* ; 1 ssrapfftq^*' 





3 




qi 






o 


o 



*rr^re*fa: *t ,!? J, q^f ^r*r 1 



* 

3*q% 1 ST«T*q% ^SRft f§^T f5^»W% T S**?rftfil ^tlCT » 

zrf<? f# ^mSf Wtgafto: ^ 5TRT^ cRft TO* 

^ J+ W , J tfW >f : +, ^ft *tf 5 j ^ 5 1 to* o ^ 

tixmtmm 1 5FronrriN tow tout* *rtT TOq^nrpr: ,**n«*- 
TOT |.;+ j aafeft *rc * i^TO* 1 J I tf^ * ^ ! + ^ ft** !. 
inranfi*: * ^ ? to* 5 ^frfa ^ * ^^t^ i to ^ 

«qUTf^IR«f 5 +, ^TT «TTT ^ ^^TT | J |, I 




%^o?ft *rrc% <w sq^ 53T i 

sPRT: qr^stfTT: TUT: ft II ^<>K II 



<r? J Bfafirfr OTPref qa^ta* fspTffcrerwr ^?r%(^)^f 

({+ WW *5f) ( J+ ( ^T: ^+ TTftTRT: f 9Eqijqwif^*«F^YfT% ^CTRTO 

whs:— 



*rfa: | J i irPiRf l-J+l ^ ? ? '^w^rcfafcr 



.:U~' \ 



• -TOOT I * STWTTifrf I * "Slcfito | " q?sp | " ^ | " ^ | TJJ [ , « , 



O "O O "O 

q^r ^szi" §*ntHfo i ?«pt m ? v^Tif&t^qtm fati 

cr^rrfk 5t?c*isr ^f%#sfq w mf&ri srfaczi ^rfcepr ^TOfera 

few f§ <pt ^m^;f^faqRr^5sffa#^ q^^pnfffa^r^^tf^, srem^rfq 



3 






5 







V ^q^TT^iT 3 qfa<T**T ^ S^TT^T* ^ 3Rfafa <?J5qqTfc: ^ 1 

TftUcf pi qfrR* , J| fff ffi, |;| ft*%q I J +| ^ ^q^T^T * 

5rra*q I J+l ^r* IJ+j 3^fafa «R«hj3sr wtti 3, snrmfe: 1 

^nr^-lfW o q^TH^T H'l frFfara" q^*R e, q<R q<<#T ( J | fa^%q 
WTfer STiq^ 3 q |J), qW (*}) 1 

Orf%cf XJ), q^R T^m HI 0* J*{|, i^Rq |H fH^%q fetch 
■rows ^+ strft '*R*T<jRtqR' wfo ert^t^ft 1 } [ ^ f* | g?f w str ?o, 

^ ^gtafafcgtf qf&R irsgvf fcr* ij^nfoitf xf%ti s(<?r) <R*q 
r^to ^ffrrerw s^tt^r f cf w sr^q g^rd *r^ri% 1 



( ^ | J) ) ^ q^ef" |5| t 1T#T ^ |}+j f ft***^' |J +| jj +! 

to ftinif^iH firaft^i top ii it 

* I " «B5f Y • re* * ^ I ' ^ I * m° I ' q^ef I * F^Tq^^ | 



sr ]f n R : qTPr ^-irq- ^r^wa; *pr*?Rn^N SS^fasr% jftjfr ?pr% f j^t 

err ^f^Rr%: srf«FJj% ct^t spfrr ^q^^^rfwfts^T^, ^r: 
toto^^: eft ^ *T5ft ^ sr ^rfc^n? ?ref% i x xfo(x)&m- 

t^*Rr q^fir^ ?rr ? i srt: s^faewrHW, zwt ?*Tra: — 
*w<refir% sura'"— m \w iTcft ^ toB- ^Ttaq;, fcn*f fwmr srW 

5ratTO% (IT) [J I 3 CTWTTO^aT J * "iJ+L^T^^ * 

qtfr ^WN ^<rr% ^?<r sfa ^rftr^ ! ¥ J, q^r ^re^ri^r s^tPt 

«rar#T srocjtnssro^sr: 1 * 'mwtf ^^pt^t^' sfr, 

STo#o JTTo ^Xo#?| frvzrt <T%^T arRTT q*sft, 5rqH^:--5r ^ 3TT ? S o, 

w s wron# ^c^r; , f , w sr^^. , , - # 



air si* wmnW' Praa i ? <rat *prf=*»arft sftspa a?iw*TTft 
nrsm wrftfa ot <r»spnn«f ^ *i 

sp* a*rara< iwrferai aatspa*" ^ dspr ^ 

fcprerwppft? awftrar watfir a?rcwT *ra: i «R[ a" 'spaRasat 
«ra' tfa aa 'fs^ifta^^f r%f»mfe% fan i **n ? ft*n «nfo *. ^ 
I imflftrt * t a«F^wnim" «*1a, ^ ^ **** 

*U. i (m) *<ppniW wrh* 5a aft? ■■r-naftrW ■ aw*** 

fe^sa -n*' - .I****"**"* * 3^, ^ * ^ 1 
to, m < ft* ? wi *Rn ? S" 1 * 1«, T< » I, ^ ftrw 



tj^t: ; | v^zm 3 1 ^rr^ *rr% ^ far*** * srum 

*r^r 1 *r%f 3, [ ; [, tot 3 ^ q^jf j f\ \ 

Wrofoift «M ^ , tffarfofa ^^^^^^ ^ ^ 



-qraftrcfirowr** ^ W*** 1 *™** ^^^^ 

to « *«^ : ?Ifra ^ ^ TO * 

m ™ ^ ^ ^ * 

?CTOftr^TO^fe «ETRTO I lift: ^TT^>faY ^ ^ TO 
(5*f|: TOtt: ^ wr^ ) I «tpTO3*ti* TO ( qwrat: ) ^q*rafe* 



^RTWTTT^ q*ff ^TT^: FTTfT I 5Tvf fT%qqf JTtTf^q^ 

w spqfct sqtfetlr i 

^PTTqfar^— 

a^fOTrssssqrafr 5q%?r rer^^qq- ^r^n::, q^i^ife: spsrferftnTTfar 

*rf faaspfa &m ^TtacTft^Tw srffas ^qqfq^rT ^PftarTT- 

m qr ^ * m ?+, ips^: *rffor ^° ?rra% (vo) t 

^r— sfow" q^JTT^ ^qq ( ^ H. qr qfaff qr R+, 

STTfolT qT * ST%T S ?o m <T^T K g^ffoRT) ^ Ho qT *+| l^r^TTffcMT 

*prfat% <isrqt?qfa: — 



1 *TTq% I * TOJPTraRrT I ' ^TOR^^^^^RKI^f I * ^qieq I 
" ^T^tY I * V"*Tqr I *\ 5 * qT ?+ I « ^RpftTOPr I * * 35 * qr 



m \ + <M°, (*rr© * *) 

^qtesprrtf ^r^^rs^Rcrw q>*nr n' sfa i 
qsrsfM fWr, ^r«rr — ^qq^f^req^wq; f^ta^s^) 

i ?ncT%?rTT srrfo ^ i tpftqf^^qs^ft fw£ to sfa %r^r 3 3 1 

'oqrofT ^t's^T TST^'fa, zft f| cTSfP^W *E*nT3T: qmiftRT: 

TTPErra" ^tstwt Tfnq^i'd ^T*ffi i ^rt^r fasfa: #f^r%^T OTfesnmsRSR *itor- 

y& jpjf—q^ erf; \X t faq<?: ^o, jpf *o, fa£<T K 'tRtt^ Ko, 

s 3T*mnrfeer 1 ' INta* 1 * qs^ ^qrfq 1 c fore "R^i ' <j q*ar 1 



^T%(T>mgrf?% form#, awrfq (fq)r?rcn?rq% £^Tfaqfa^^qrfk^srqqq 

fq^qq* qq FTTfe^rTf?^^ qT I fqq^qq WTR 5Fq epc^f ^^rrq^ 
fq*FWqqTSTq<qq $q?q q^IT^T, cRT q fqfq*f*T fTOorf^tf fTcf q?p? #q q%<ffr 
q^qq^ SfTfqqT 3%ft fg^ft^R SqT^q:, ST ^H^fT ^tT^^TH;, qfr;4 W ^ ;* 
(tf) ^JTTf^r: qqq 7%ft fsrf5lWR?iIT#T ^ft fq^^qH^5I%q TjfalT 
ffcft TlfSRFft irftFRTt S^FfacT TOM I 

q^t snraf fs^q^i^n* ^ratsq^ p*n: i 

^cinfq^JTTO: foqsTSRt OTTO* 1 II*©* II 

^ppt# ( fs^irarstsfaTOTTW: q^q- 5T^, q?ftq"tsfq qqqr(q) fgtftq iq fs^ftqr- 
mq^sre: t q^irw mq^n^vf^wpft* mq<r qq STq«rrfei*l 5 ^trmt 

qfe qT Stsfq q^qfa5qfq*Ftfm«q qq fqqr^^RTq^q^«TTrr «^TR# I qq, 
ftq# a*TWqq»*l*IMi qw ^fafl^facT wtf*T I 

snr qq j , Fq^^r 3 fq^tq q^r to ^ qfro 5, snfeqr * st^r: 

Ui qq"tsq^?TTfe^r^ **Q|; f qqT ?qi*T; — *R«: 3 *T#q SffocT: ^V, 

qqq R fq*%r: ^, fqfq^qqsq V q^f 3 ^, fa$%q JJ qfigata^- 

crqt ^orf mq^ qq V, 3, stf *j, 3 ^ ^ v 

«Tf<»Rf 1 q^TRzr ? ?, sqT q qq q^^tq *, s^re (3) 

tfqqqqTfqqT ? ?, q^cq^q q^qq?q q^nr 1 ^ ^ | ^qR^r^ 

fq^sr^rcq qqrif KTqf?r 1 qcT^r qqtf f ^rf ^^cf f# ?rqfcr 1 



' "^qt I 11 q^q: | ' °?q t * "q^T I H ^HTTq^^q I % I • a ^rmT° I 



Sv 5 



AnpT *«n* TOpf ifcaWfo PnWP* W*™ ^ % 

■a 

* ^: <nfe «rf ^ fi*nfin«*w wftiwWT, 

5) *P : *51- *&tm. 1 

(*)^ «n*™*n«nnn« ^* 

* -tttzt* or I'M *2i T ! I * 1 ^ 
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English Translation 

OF THE 

PATIGANITA 



SRIDHARA'S 
PATIGANITA 

Homage and introduction : 

1. Having paid obeisance to the Unborn God, the cause 
of creation, preservation and destruction of the worlds, I shall 
briefly state the (patt)ganita for the use of the people. 

Contents: 

2-6. (The topics dealt with) here are the twenty-nine 
parikarmas (logisties) arranged as follows : 

(1) sahkalita (addition), 

(2) vyavakalita (subtraction), 

(3) pratyutpanna (multiplication), 

(4) bhagahara (division), 

(5) varga (square), 

(6) varga-mula (square root), 

(7) ghana (cube), 

(8) ghana-mula (cube root), 

(9-16) the same (operations) for fractions, 
(17-22) reduction of fractions (kala-savarna) of six varieties, 
viz., 

(ij bhaga (fractions connected by + or - ), 

(ii) prabhaga (fractions' connected by "of"), 

(iii) bhaga-bhaga (a whole number divided by a frac- 

tion), 

(ivi bhaganubandha (a whole number increased by a 
fraction, or a fraction increased by a fraction 
of itself)> 

(v) bhagapavaha (a whole number diminished by a 
fraction, or a fraction diminished by a fraction 
of itself), and 
(vi) bhagamata (a blending of two or more fractions of 
previous forms), 
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(23) trairasika (rule of three), 

(24) vyasta-trairasika (inverse rule of three), 

(25) panca-rasika (rule of five), 

(26) sapta-rasika (rule of seven), 

(27) nava-rasika (rule of nine), 

(28) bhanda-prati-bhanda (barter of commodities), 

(29) jlva-vikraya (sale of living beings) ; 

and the nine vyavaharas (determinations) arranged as follows : 

(1) misraka (mixtures), 

(2) sredht (series\ 

(3) ksetra (plane figures), 

(4) khata (excavations), 

(5) citi (piles of bricks), 

(6) krakaca ^sawn pieces of timber), 

(7 ) ran (heaps or mounds of grain), 

(8) chaya (shadow), and then 

(9) sanya-tatva (the mathematics of zero), 

DEFINITIONS 

Names of notational places : 

7-8. Eka, dasa, hta, sahasra, ayuta, laksa, prayuta, koti, 
arbuda, abja, I harva, nikharva, maha-saroja, sahku, saritpati, antya, 
madhya, and parardha. are each stated to be ten times the pre- 
ceding by those who have a knowledge of them. 1 

■ 

That is to say, the units' place is called eka, the tens' place is called 
dasa, the hundreds' place is called sata, and so on 

Lists of names of notational places given by some writers extend 
beyond 18 places. Of these, three are as follows : 

Mahavira's (850 A.D.) list : (1) eka t (2) dasa, (3) 'sata, (4) sahasra, 
(5) dasa-sahasra, (6) laksa, (7) dasa-laksa, (8) koti, (9) dasa-koti, (10) 'sata- 
koti, (11) arbuda, (12) nyarbuda, (13) kharoa, (14) maha-kharva, ( 1 5) padma, 



* Cf. GT, p. 1, vv. 2-3 ; 1 (ASS), vv. 10-1 1 ; GK, /, p. 1, vv. 2-3. 
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(16) maha-padma, (17) ksonl t (18) maha-ksom, (19) saAkha, (20) maha-saAkha, 
(21) ksiti, (22) maha-ksiti, (23) AroMa, and (24) maha-ksobha. i 

Yallaya's (1480 A. D.) list : (1) <ka, (2) da'sa, (3) ia*«, (4) sahasra, (5) 
«2j>«/a, (6) kfca, (7) prayuta, (8) Aoft", (9) daSa-kotj, (10) sata-koti, (1 1) 
(12) nyarbuda, (13) AAaroe, (14) maha-kharva, (15) />ad/Ka, (16) maAa- 
^aama, (VI) saAkha, (18) maha-saAkha, (19) focm, (20) maha-ksoni, (21) 

(22) maha-ksiti, (23) ksobha, (24) maha-ksobha, (25) parardha, (26) 
samara, (27) a«a«/a, (28) a*n{ya, and (29) Mun\ a 

Pavaluri MallikSrjuna's list : (1) <f£a, (2) aak, (3) iata, (4) *a/We 
(5) dasa-sahasra, (6) /afoa, (7) dasa-laksa, (8j to/i, (9) dasa-koti, (10) iafa 
*<tfi, (11) arii/aa, (12) nyarbuda, (13) *aare>a, (14) maha-kharva, (15) />aama, 
(16) maha-padma, {VI) saAkha, (18) maha-saAkha t (19) foe™, (20) maha-ksom, 
(21) A«Yi, (22) maha-ksiti, (23) fooMa, (24) maha-ksobha, (25) nid'tii, 
(26) maha-mdhi, (27) parardha, {2%) parata, (29) ananta, (30) .ra^ara, (31) 
a W a, (32) aprameya, (33) afate, (34) am«ya, (35) Wan, and (36) maha-bhun* 

Table of money-measures : 

9. A ^ara/w is equivalent to sixteen panas ; a pana is 
equivalent to four kakints ; and a £ato is equivalent to 
twenty varatakas (cowries).* 

SrJpati's (1039 A.D.) dramma is equivalent to &ridhara's purana* 
According to NarSyana (1356 A. D.) : 6 

12 panas =* 1 dramma, 
36 drammas — ni.f/fca. 

Table of weights : 

10. A masa is equal (in weight) to five gunjas (Abrw 
seeds) ; a weight of sixteen masas is called a toa ; a fawa of 
gold is called a rawr** ; an d four karsas make a pda* 

Narayana mentions one more weight, viz., tula, which is equal to 
100 palas. 8 



* See OS'S, i. 63-68. 

I ™ s |! st « given in the end of Yallaya's commentary on / ii. 
I rf rT 15 ? VCn i n P^-firi Mallikarjuna's GamWartra. 



• & Sk^V £ (ASSJ - vs - 2 - 

• See GK, /, p. 1, vs. 4. 
' C/. G/T. /, p. 2, vs. 5. 

• See GK, I, p. 2, vs. 5. 
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Table of measures of capacity : 

11. A kharl is equal to sixteen dronas ; a drona is equal 
to four adhakas ; an adhaka is equal to four prasthas ; and a 
prastha is equal to four kuiavas. 1 

The terms drona, adhaka and kudava are also found to be mentioned 
in the Vedanga-Jyautisaf where an adhaka is defined to be a vessel capable 
of holding 50 palas of water. 

According to the commentator of the present work there are 3200 palas 
in a khan, so that 

1 drona = 2^0 palas, 
1 adhaka = 50 palas. 
1 prastha = 12jj&fl/flJ, 
and 1 kudava = 3£ palas. 

Thus we see that the adhaka used in the time and locality of the com- 
mentator was the same as that used in the time of the Vedafiga-Jyautisa. 

From the Trisatika* of &tidhara and the Ltlaoaft* ofBhaskara// 
(1 150 A D.) it appears that the kharl used in Magadha was equivalent to 
a cubic cubit. NSrSyana's khari is equivalent to 5 cubic cubits. 5 

Table of linear measures : 

12. Twenty-four ahgulas (finger-breadths) make a hasta 
(cubit) ; four hastas make a danda ( staff) ; two thousand of 
them make a krosa ; and four krosas make ayojana. 6 

N&r&yarta's danda is bigger than &ridhara's, being equivalent to 10 
cubits ; but his other measures are the same as those given here. 7 

Table of time-measures : 

13. Sixty ghatts make a nychthemeron (a day-and-night); a 
thirty of them make a month ; twelve of them make a year. 

These are the definitions (used) in this (pati) ganita. 

i Cf. GSS, i. 36-37 ; L (ASS), vv. 7-8. 

4 See Arca-Jyautisa, vs. 17 ; Tajusa-Jyautisa, vs. 24, 

* See raii-vyavahara. 

* See L (ASS), p. 10, vs. 7. 

» See GK, I, p 3, vv. 10-13. 

* Cf. GSS, i. 29-31(i) ; GK, I, pp. 2-3. 
i See GK, I, p. 2, vv. 6 ii)-7(i). 

* Thus 1 ghatt = 24 minutes. 
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LOGISTICS [Parikarma) 
(i) Addition (saAkalita) 
Rule for finding the sum of a series of natural numbers : 

14(i). When the first term (adi) and the common differ- 
ence (caya) of a series (in arithmetic progression) are (eacM 
unity, the sum (sahkalita) is equal to half the number of terms 
(pada ) multiplied by the number of terms plus one. 1 
That is, 

I + 2 + 3+... 4 n ==~ n l^+iJ , 

Rule for finding the number of terms of a series of natural 
numbers when the sum is given : 

14(H). The number of terms (gaccha) is equal to the 
(integral) square root of twice the sum of the series, which 
must be the same as the residue left (after the extraction 
of the square root). 

That is, 

n — integral part of \/Ts^~. 

Ex. 1. What are the sums of 1 to 10, each multiplied 
by 10, terms of the series whose first term and common 
difference are each unity ? Also, from those sums quickly say 
the number of terms of the (various) series. 

90 dUM) 10, CaCh mUltiplied by 10 ' means 10 * 20 » 30 » 4 °. 50, 60, 70, 80, 

Alternative rules : 

15. Or, the sum of a series (of natural numbers) is 
equal to one-half of-the square of the number of terms plus 
the number of terms. 

And that (sum) multiplied by 8, (then) increased by 1 
jCthc^reduced to its square root, (then) diminished by 1,' 
1 G$ Qfo l, p. 1 14, lines 15,16. 
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and (then) halved, is the number of terras (in the series). 
That is, 

i.+ 2 + 3+..„+»-5i+_\ 

and n = - 

2 

(2) Subtraction {vyavakalita) 

Rule for finding the remainder accruing on subtracting one 
series of natural numbers ( 'subtrahend series' ) from another 
series of natural numoers ( £ minuend series') i 

16. Having added (nidhayd) the number of terms of the 
subtrahend series (vyavakalita-pada) plus one to the number of 
terms of the minuend series (sahkalita-pada), multiply that (sum) 
by the difference of the number of terms (of the two series) : 
that (product), when halved, becomes the residue of subtrac- 
tion (of the given series). 

That is, 

o (n-m) [n+(m + l)J 
o n — a m c= ^ — - » 

where n > m, and stands for 

1 + 2 + 3 +...+ k . 

Ex. 2. What are the respective remainders obtained 
when the sums of 1 to 10, each multiplied by 10, terms of the 
series whose first term and common differenoe are (each) 
unity are severally subtracted from the sum of 100 terms (of 
the same series) ? 

Rule for finding the number of terms of the subtrahend series, 
when the difference of the minuend and subtrahend series as 
well as the number of terms of the minuend series is given ; 

17. Having subtracted the residue of subtraction (i.e., 
the difference of the minuend and subtrahend series) from 
the sum of the minuend series, and multiplied the remainder 
(obtained) by 2, the square root thereof, which must be equal 
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to the residue left (after the extraction of the square root), 
should be declared as the number of terms (of the subtrahend 
series). 

That is, m = integral part of ^[S^-D] , 

where D = S n - S m . 

(3) Multiplication (pratyutpanna) 

Four methods of multiplication : 

18-19. Having placed the multiplicand (gunyd) below 
the multiplier (guna-ran) as in the junction of two doors, 
multiply successively in the inverse or direct order, moving 
(the multiplier) each time. This process is known as kavata- 
sandhi ( c: the door-junction method"). 

When the multiplication ( pratyutpanna ) is performed by 
keeping that ti.e., the multiplier) stationary, the process is 
called tatstha (i.e., "multiplication at the same place") on that 
account. 1 

20. The process of multiplication called khanja (or 
khanda-gunana, "multiplication by parts") is of two varieties ' 
(called rupa-vibhaga and sthana-vibhaga), depending on whether 
the multiplicand or multiplier is broken up into two or more 
parts whose sum or product is equal to it, or the digits stand- 
ing in the different notational places (sthdna) of the multipli- 
cand or multiplier are taken separately. 

These are the four methods of multiplication, a 

For details of these methods, see B. Datta and A.N.Singh, History 
of Hindu Mathematics, Part I, pp. 136-143, and 146-149, 

Ex. 3. Multiply 1296 by 21, 896 by 37, and 8065 by 60. 
Operations with cipher : 

21. Wh en something is added to cipher, the sum is 
*^ C ?V^ atflal ?5 <ir i ,scomm - on £ rI P ati 's Ganita tilaka, Rule 15 

l ^klt "t: ?x p m i7 ti ^ to has been calied 

SiSe, ^4f^ P . rvv^iiti.^ ,5 - ,6(i) - Also*" MS, *v. 3; 
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equal to the additive (kse P a) ; when cipher is added to or 
subtracted from a number, the number remains unchanged 
In multiplication and other operations on cipher, the result is 
cipher. Multiplication (of a. number) by cipher also yields 
cipher. 1 

That is, o + a = a , 

a ± = a , 

Oxa or 04-o = 0, 
1X0 = 0. 

t> , r . . ^vision (bhagahara) 

Kule for division : 

22. Having remoyed the common factor, if any, from 
the divisor and the dividend, divide (by the divisor the dibits 
ofthe dividend) one after another in the inverse order: this 
is the method of division. » 

Aryabhata II ( c . 950 A.D.) gives more details of the process : 
"Having placed the divisor underneath the (last digits) of the 
divtdend, subtract the proper multiple of the divisor from the (last digits 
of the) dividend; the multiple (thus obtained) is the (partial) quotient 
Next having moved the divisor (one place to the right) divide what 
remains (Continue this process until all the digits of the dividend have 
been taken). * 

(5) Squaring (varga) 

Rule for squaring : 

23. To obtain the square of a number (proceed suo 
cessively as follows) : Having squared the last digit ( arttya- 
padd) {i.e., having written the square of the last digit over the 
last digit),, multiply the remaining digits by twice the last 
moving it from place to place (towards the right, and set down 
the resulting products over the respective digits); then (rub 
out the last digit and) move the remaining digits (one place 
to the right).* " ■ 

P . 5, vs^6(i) XV * 4 ' Al3 ° SCC Sd ' Xi "* 3 ; L (ASS >> 7 > vs - GK r h 

vs. n* Cf GSS ' lL 31 ; GT ' p ' 7> lines 24 " 25 ; L (ASS > r * 19 > G *> p- 
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This rule is based on the formula 

(a+A)« = u *+2ab+b*. 

For details of the process, see B. Datta and A. N. Singh, History of 
Hindu Mathematics, Part I, pp. 157-160 

Other rules for squaring : 

24. The square (of a given number) is also equal to 
the product of two equal numbers (each equal to the given 
number), or the sum of as many terms of the series whose first 
term is 1 and common difference 2, or the product of the 
difference and the sum of the given number and an assumed 
number plus the square of the assumed number, i 

That is, (i) n % = n X n ; 

(ii) n a = 1 + 3 -+■ 5 + to n terms ; 

(iii) n* =» {n-a) (n + a) + a*. 

Ex. 4. Tell (me) the squares of 1 to 9, 25, 36, 63, 432, 
and 7802. 

(6) Square root (varga mula) 

Rule for finding the square root : 

25-26. Having subtracted the (greatest possible) square 
from the (last) odd place (set down double the square root 
underneath the next place). By that double square root, that 
has left its place (i.e., which has been set down underneath the 
next place), divide the remainder ; set down the quotient in 
the line (of double the square root), and, having subtracted 
the square of that (from the number above), make double of 
that (quotient). Then having moved the resulting quantity 
(in the line of double the square root) one place forward, 
divide by it as before. (Continue this process till all places 
are exhausted, and then) halve the doubled quantity (to get 
the square root). 

This rule will be clear by the following example : 

1 Cf. GSS, ii. 29 ; GK, /, p. 6, vs. 18. Also see A. ii. 3(i) ; BrSpSi 
xii 63(H); MSi, xv. 6(i); GT, p. 8, vs. 21(ii); Side, xiii 4(i); L (ASS) , 20(ii)'. 

1 Cf. GSS, ii. 36 ; GT, p. 9, vs. 23 ; MSi, xv. 6(ii)-7 ; Side, xiii 5 • 
L (ASS), p. 21, vs. 22 ; GJT, J, p. 7, lines 2-9. Also see A, ii. 4. 
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Example. Find the square root of 186624. 

Indicating the odd and even places by writing the tachygraphic 
abbreviations o and e over the digits, we have 

e o e o e o 
1 8 6 6 2 4 

Subtracting the greatest square number (i.e., 16) from the last 
odd place (i.e. from 18), and then setting down double the square root 
of 16 underneath the next place, we have 

o e o e o 

2 6 6 2 4 (remainder) 
8 (line of double the square root) 

Dividing out 26 by 8 and setting the quotient 3 in the line of double 
the square root, we get 

e o e o 

2 6 2 4 (remainder) 
8 3 (line of double the square root) 

Subtracting the square of the quotient (i.e., 9) from above, and 
doubling the quotient (3), we get 

e o e o 

1 7 2 4 ' (remainder) 

8 6 (line of double the square root) 

One round of the operation is now over. Now we move 86 one place 
forward. Then dividing out 172 by 86 and writing the quotient in the 
line of double the square root, we get 

o e o 

4 (remainder) 
8 6 2 (line of double the square root) 

Finally subtracting the square of the quotient (i.e., 4) from above, 
and doubling the quotient 2, we get 

o e o 

(remainder) 
8 6 4 (line of double the square root) 

The process now ends. So we divide 864 by 2, getting 432 as the 
required square root. 

As no remainder is left, the square root is exact. 
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(7) Cube (ghana) 

Rules for cubing : 

27-28. [Let the last digit of the given number be called 
the 'last' (antyd) and the last-but-one digit the 'first' (adi) or 
the 'preceding' (purva ).] 

Set down the cube of the 'last' ; then set down, 
(successively) one place forward Qthanadhikyarii), (i) the square 
of the 'last' as multiplied by thrice the 'preceding', (ii) the 
square of the 'first' as multiplied by the 'last' as well as by 3, 
and (iii) the cube of the 'first'. This gives the cube of the 
combined number (formed by the 'last' and the 'first') (niryukta- 
rasi), which should now be treated as the 'last' (provided there 
be more than two digits in the given number). 1 

The (continued) product of three equal quantities or, 
in the series having 1 for the first term and common difference 
(considering the last two terms, designating them as the 'first' 
or 'preceding' and the 'last' respectively), the last multiplied 
by thrice the 'first', and increased by I, and that added to the 
cube of the 'preceding', is also the cube. 3 

Of the three rules stated here, the first one is the main method of 
cubing a number. To illustrate it by an example., let us find the 
cube of 256. 

To begin with we treat 2 as the 'last' and 5 as the 'first' . Then 
writing the cube of the 'last' (i.e., 2 3 , or 8), then in the next place the 
square of the 'last' as multiplied by thrice the 'first' (i.e., 3X^X2*, or 60), 
then in the next place the square of the 'first' as multiplied by thrice the 
'last' (i.e., 3X2X5 a , or 150), and then in the next place the cube of the 
•first' (i.e., 5 3 , or 125), we have 

0000 
8 

6 

1 5 

1 2 5 

1 Cf. BrSpSi, xii. 6 ; GSS, ii. 47 ; GT, p. 1 1, vs. 25 ; L (ASS), p. 23, 
vs. 24-25(i) ; GK, J, p. 7, lines 17-19, p. 8, lines 1-2. 

a Cf. A, ii. 3(ii) ; BtSpSi, xii. 62(H) ; GSS, ii. 43(i) ; MSi, xv. 6(i) ; 
GT, p. 1J, line 10 ; SiSe, xiii. 4(i) ; L (ASS), p. 23, vs. 24(i) ; GK, I, p. 1, 
line 16. 

s Cf, GT, p. 1 1, lines 7-9 ; jGK, I, p. 8, lines 3-4. 
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Adding up these numbers, we get 15625. This is the cube of 2 5. 

Now we treat 25 as the last and 6 as the first, and proceeding as 
above we get 16777216 as the cube of 256. 

The second and third rules are : 

(i) ;/» = nXnXn 

(ii) r« s = (n- l) a -i-3»(n- 1)4-1 . 

Datta and Singh, assuming 

to be the reading of the second half of verse 28, have given the following 
translation for it : 1 

"The cube (of a given number) is equal to the series whose terms 
are formed by applying the rule, 'the last term multiplied by thrice the 
preceding term plus one,' to the terms of the series whose first term is zero, 
the common difference is one andthe last term is the given number." 

This gives 

n* = J[3r(r-1)+1 ] 

in place of formula (ii) above. 3 

Ex. 5. Quickly say what are the cubes of 1 to 9, 15, 

256, and 203. 

(8) Cube root (ghana-mula) 
Rule for finding the cube root : 

29-31 . (Divide the digits beginning with the units' place 
into periods of) one 'cube' place (ghana-pada) and two 'non- 
cube' places (aghana-padd). Then subtracting the (greatest pos- 
sible) cube from the (last) 'cube* place and placing the (cube) 
root underneath the third place (to the right of the last 'cube- 
place), divide out the remainder up to one place less (than. that 
occupied by the cube root) by thrice the square of the cube 
root, which is not destroyed. Setting down the quotient 
(obtained from division) in the line (of the cube root), [and 
designating the quotient as the 'first' \adima) and the cube 
root as the 'last* (antyd)\, subtract the square of that quotient, 
as multiplied by thrice the Hast' (antya), from one place less 
lhan that occupied by the quotient (uparima-rasi) as before, and 

1 B . Datta and A. N. Singh, History of Hindu Mathematics, Part I, 

page 168. , _ cc , .. AC - 

» This formula is also given in Ooo, u. 43. 
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the cube of the 'first' (adima) from its own place. (The number 
now standing in the line of cube root is the cube root of the 
given number up to its last-but-one cube place from the left). 
Again apply the rule, '(p laci ng the cube root) under the third 
place' etc. (provided there be more than two 'cube' places in 
the given number ; and continue the process till all cube 
places are exhausted). This will give the (cube) root (of the 
given number). 1 

To illustrate this method, we find out the cube root of 

277167808. 

Indicating the 'cube' and 'non-cube' places by writing the tachy- 
graphic abbreviations c and n over the digits, we have 

nncnncnnc 
277167 808 

Subtracting the greatest possible cube (i.e., 6 s or 216) from the last 
*cube' place (i e., from 277) and placing the cube root (i.e., 6) underneath 
the third place to the right of the last 'cube* place, we have 

nncnncnnc 

6 1 1 6 7 8 8 (remainder) 
6 (line of cube root) 

Dividing out by thrice the square of the cube root (i.e., by 3.6* or 108) 
the remainder up to one place less than that occupied by the cube root 
(i.e., 611), and setting down the quotient in the line of the cube root (to 
the right of the cube root), we have 

nncnncnnc 

7 1 6 7 8 8 (remainder) 
6 5 (line of cube root) 

Let now the quotient 5 be called the 'first' and the cube root 6 the 
'last'. Then subtracting the square of the 'first* as multiplied by thrice 
the e last J (i.e., 3x6x5 s , or 450) from one place less than that occupied by 
the quotient (i.e., from 716), we get 

nncnncnnc 

2 6 6 7 8 8 (remainder) 
6 5 (line of cube root) 

l Cf.A t n.5; BrSpSi, xii. 7 ; GSS, ii. 53, 54; MSi, xv, 9-i0(i) ; 

GT t p. 13, lines 18-25 : Side, xiii. 6-7 ; I (ASS), vv. 28-29 ; GK, /, pp. 8-9, 
vv. 24-25. 
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And subtracting the cube of the 'first' (i.e., 5» or 125) from its own place 
(i.e. from 26( 7), we get 

nncnncnnc 

2 5 4 2 8 8 (remainder) 
6 5 (line of cube root) 

One round of the operation is now over ; and the number 65 stand- 
ing in the line of the cube root is the cube root of the given number 
(277167808) upto its last-but-one 'cube' place from the left (i.e., of 277167). 

As there is one more 'cube' place on the right, the process is repeated . 
Thus, placing the cube-root (i.e., 65) under the third place beginning with 
the last-but-one 'cube' place, we have 

nncnncnnc 

2 5 4 2 8 8 (remainder) 
6 5 (line of cube root) 

Dividing out 25428 by 3x65 a (=13675) as before, and placing the 
quotient in the line of the cube root, we have 

, n ncnncnn c 

7 8 8 (remainder) 
6 5 2 (line of cube root) 

Subtracting 3X65X2 3 (<=780) from 780 we get 

nncnncnnc 

8 (remainder) 

6 5 2 (line of cube root) 

Finally subtracting 2 s from 8, we get 

nncnncnnc 

(remainder ) 

6 5 2 (Kne of cube root) 

The second round of the operation is now over. There being no 
more 'cube' places on the right, the process ends. The quantity in the line 
of the cube root, viz., 652, is the cube root of the given number. The 
remainder being zero, the cube root is exact. 
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(9-16) Operations for fractions 

Rule for the addition of fractions : 

32(i). Reduce the fractions to a common denominator 
and then add the numerators. The denominator of a whole 
number is unity. 1 

Ex. 6. Say the sum of J, J, J and and of 2 plus \ } 
3 minus |, and 6. 

Ex. 7. Friend, if you know the method of calculation 
(ganita-vidki), quickly say the sum of \\ terms, \ term, and of 
\ term of the series whose first term (M) and common 
difference (caya) are each unity. 

» 

Rule for the subtraction of fractions : 

32(ii). Take the difference of the numerators of . the 
positive and negative fractions reduced to a common denomi- 
nator. 9 

Ex. 8. Subtract J, | and £ from 1 and say what remains. 
Also, subtract 3-i and 2+ J from 5 (and say the remainder). 

Ex. 9. Say what remains as the remainder when the 
sum of 2 plus I terms is subtracted from the sum of 5 plus £ 
terms of the series whose first term and common difference are 
(each) unity, 

» It may be remarked here that, according to the author of the 
present work, rule I4(i) applies also to series of natural numbers 
having a fractional number of terms. Series in A. P. having frac- 
tional number of terms have generally no meaning but they may be 
interpreted geometrically by means of figures called series-figures. See 
infra, 'Determinations pertaining to series' (iredB-oyavahara) . 



iL^ C K¥ Si >™n 1 £®K GT > P" 15 »' lines 20-21; tf&,xiii. 8; L 
(ASS) p 35, vs. 37 ; GK, J, p. 1 1, lines 6-7. Also see BrSpSi, xii. 2. 

v;<, B r T ? P 3 C ^ 1 % Si > * v - 14 (»); GT, p. 18, lines 3-4; 

StSe, xin. 8 ; L (ASS), p. 35, vs. 37; GK, /, p. 11 , lines 6-7. 
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Rule for the multiplication of fractions : 

33(i) The product (of the given fractions) is obtained on 
dividing the product of the numerators by the product of the 
denominators. 1 

Ex. tO. 2 plus \ is multiplied by 1 plus J, and 60 plus J 
is multiplied by f : what are the products, say separately. 

Rule for the division of fractions : 

33(ii). Having interchanged the denominator and the 
numerator of the divisor, apply the previous rule (i.e., the 
rule for multiplication). 

Ex. 11. 6 plus I is divided by 2+f, and 60 plus J is 
divided by 3+£ : say the quotients separately. 

Rule for squaring a fraction : 

34(i). The square of the numerator divided by the 
square of the denominator is the square of the fraction. 3 

Ex. 12. Say, friend, if you know, the square of 2 plus \, 
of 15 plus J, of J, and of £. 

Rule for finding the square root of a fraction : 

34(ii). The square root of the numerator divided by 
the square root of the denominator, gives the square root 
(of the fraction).* 

Rule for cubing a fraction : 

35(i). The cube of the numerator divided by the cube 
of the denominator gives the cube (of the fraction). 5 



1C/ BrSpSi, xii. -3(H); GSS, Hi. 2; MSi, xv. 15(i) ; GT, p. 19, 
line 26 ; SiSe, xni. 9(i) ; L (ASS), p. 36, vs. ; GK, I, p. 12, lines 2-3. 

a Cf BrSpSi, xii. 4 ; GSS, iii. 8(i) ; MSi, xv. 15(H) ; GT t p. 21, 

line 3-6 ; Side, xiu. 10 ; L (ASS), p. 37, vs. 41 ; GK, I, p. 12, lines 1 1-12. 

a Cf.BrSpSi, xii. 5(i) ; GSS, iii. 13 ; MSi, xv. 16(i) ; GT p. 22, 
line 24; S&. xiii. 9(H); L (ASS), p. 38, lines 2-3; GK, /, p. 12, lines 17-18. 

* Cf, BrSpSi, xii. 5(H) ; GSS, iii. 13 ; MSi, xv 16(h) ; GT, p. 23, 
line 25 ; L (ASS), p. 38, lines 2-3 ; GK, I p. 12, lines 17-18. 

5 Cf. GSS, iii. 13 ; MSi, xv. 17fi) ; GT, p. 25, line 13 ; L (ASS), /, 
p. 38, lines 2-3 ; GK, I, p. 12, lines 17- 1 8. 
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Ex. 13. Say, if you know, the cube of 7 plus £ , 
of 17 plus £ , of I , and of £ . 

Rule for extracting the* cube root of a fraction : 

35(h). The cube root of the numerator divided bv the 
cube root of the denominator gives the cube root (of the 
fraction). 1 

(17-32) Reduction of fractions (Jkala-savarna) 

Rule for reducing fractions of the bhaga class (i.e., fraction? 
connected by + and - signs) : 

36. In the bhaga class, in order to reduce the (two given) 
fractions to a common denominator, remove the common 
factor, if any, from the denominators, and then by each of 
them (i.e., the reduced denominators) multiply the denomina- 
tor and numerator of the other fraction. 3 

Ex. 14. What sum is obtained by adding together the 
fractions having (the integers) 2 to 6 for their denominators, 
and 1 for their numerators, and by adding together the frao • 
tions having (the integers) 3 to 9 for their denominators and 
(the integers) 2 etc. for their respective numerators. 

Alternative rule for reducing fractions of the bhaga class : 

37. By the lower denominator multiply the upper 
numerator, (then) by the upper denominator multiply the 
lower denominator, and (then) add the product of the 
numerator and the denominator in the middle to the upper 
numerator. 8 

Suppose, for example, that we want to reduce the fraction 



* Cf. GSS, Hi. 13 ; MSi, xv. 17(H) ; GT, p. 26, line V ; L (ASS) 
p. 38, lines 2-3; GK, /, p. 12, lines 17-18. 1 A 

^ffJrSpSi, xii. 2(i); MSi, xv. 13(H); GT t p. 30, line 16; 
*l u - * ^ • L < ASS >> P' 28 > line 9 > GK > *> P- 9 . vs. 26(i).' Also see 
8 Cf. SiSe, xiii, 12 



{8 LOGISTICS 

Writing these fractions one below the other without the fines of 
separation as the Hindus used to do, we get 

2 
3 
4 
5 

[In this scheme, 2 is the upper numerator and 3 the tf pper denomi- 
nator ; similarly 4 is the lower numerator and 5 the lower denominator.] 

Now according to the rule, multiplying the upper numerator by the 
lower denominator, and multiplying the lower denominator by the uppef 
denominator, we get 

2X5 10 

3 it 3 

4 ' 4 

5x3 15 

Next, adding the product of the numerator and the denominator ifo 
the middle (viz. 3 and 4) to the upper numerator, we get 

10 + 12 . 22 22 
15 , ' e > 15 OT 15 

rubbing out the figures in the middle, which are not required. 

Rule for reducing fractions of the prabhaga class (i.e., fractions 
connected by 'of') i 

3&(i). In the prabhaga class, one should multiply the 
numerators together, and the denominators together. 1 

That is* 

a c c _ t ace 
of t- of 



b d f bdf- 
Ex. 15. Tell (me) the sum of 

| of \ of \ , & of } of | of J , and \ of I of ( 2 + \ ), 

Itule for reducing a fraction of the bhaga~bhaga class (i.e., a 1 
whole number divided by a fraction) : 

38<ii). Having multiplied the whole number (fupd) by 
the denominator of the fraction, remove the denominator J 



* Cf. BrSpSi, xh\ 8(H); GSS, in. 99; MSi, xv. 13(i) \ Si&e. xiii. 
;> L (ASS), p. 31, vs. 32 ; GK, I, p. 9, vs. 26(ii>, 
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this is the process (of reduction) for the bhaga-bhaga class. 1 
That is, 

a — -L = ac 
c b ' 

Ex.16. Friend, if you know (the method), say after 
thinking, what sum will be obtained by adding together (the 
fractions) : 

1*ts, 1-5-i, 1^-1 , and lv-^. 

Ex. 17. 1 has been severally divided by fractions 
having (the integers) 3 to 6 for their denominators and (the 
integers) 2 etc., for their respective numerators. Say what 
sum will be obtained when they are added together. 

Rule for reducing a fraction of the bhaganubandha class (i.e., a 
whole number increased by a fraction, or a fraction increa- 
sed by a fraction of itself) : 

39. In the bhaganubandha class, the whole number 
(rupagana) as multiplied by the denominator (of the fraction) 
should be increased by the numerator (of the* fraction) ; or, 
the upper denominator having been multiplied by the lower 
denominator, the initial numerator (i.e., the upper numerator) 
should be multiplied by the sum of the lower numerator and 
denominator. 1 

That is, 

,. v , b ac + b 
c c 

a c a 
UiJ y + -j- of ( which was written in the Hindw 

a 

- X"| a ( d + c ) 

way _L > * bd > 
d 



I % B L sp A xiu 9(i) ; Gss > iiL "( a > i MSi, xv. i9(i). 

p. 34, hnes 15-16 ; L (ASS), p. 32, vs. 34 ; GA", /, p. 9, vs. 27 ' ' 
8 Actually it was written as a 

b 



c 
d 
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Ex. 18. What sum is obtained by adding together 

1+1, 5+1, and 8+§? 

Ex. 19. What is the sum of 

(3 + » + £ of (3 + J) + £ of {(3 + l) + J of (3 + ±)} 
and i + Jofl'+lof {*+ Jofi}? 

Rule for reducing a fraction of the bhagapavaha class (i.e., a 
whole number minus a fraction, or a fraction minus a 
Fraction thereof) : 

40. In the bhagapavaha class, the numerator of the frac- 
tion should be subtracted from the whole number multiplied 
by the denominator (of the fraction) ; or having multiplied 
the upper denominator by the lower denominator, the upper 
numerator should be multiplied by the lower denominator as 
diminished by the lower numerator. 1 

That is to say, 

,.v . b ac-b 

(i) A = •— 

. * c c 

(ii) ^- — of—- ^ which was written in the Hindu way 



as 3 



a 

~b \ a(d-c) 
c ' bd • 

d 

Ex. 20. Say the amount, when 1 - | , 5 - \ , and 8 - J- 
are added together. 

Ex. 21. What is obtained by adding together : 

(3-J)-iof(3-.i)-i{(3-»- Jof (3-i)} 
and i-iaf|-iof(i-lofl)? 



1 Cf. BrSpSi, xii. 9(ii) ; GSS, iii. 126 ; MSi, xv. ll(ii)-I2; GT, p. 37, 
lines 2-5 ; L (ASS), p. 32, vs. 34 ; GK, I, p. 9, vs. 27. 
9 Actually, it was writtten as 

b OT b 
tf+ 'c 

d d 

the fractions being written without the separating line, and + or (") being 
written to denote subtraction. 
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The commentator interprets 'rupatrayamardhonanV as meaning 
3 - i of 3 and not (3- $), so the first expression according to him is 

(3- i of 3) -i of (3-| of 3) -| of [(3- 1 of 3)- i of (3- J of 3)]. 

The interpretation given by us is more natural and plausible, 
especially when we see that a similar interpretation has been given to 
the verse of Ex. 19, which is analogous to this one. 

Rule for reducing a chain {vallf) of measures : 

41. To reduce a chain (valli) , multiply the foremost 
denominator and numerator by the lower denominator, and 
(then) from or to the foremost numerator subtract or add 
(as the case may be) the lower numerator. 1 

Ex. 22. What amount is obtained by reducing 
5 puranas , 3 panas , 1 kakinl , - 1 varataka , - £ of that {i.e., of 
a varataka) (to puranas) ? 

Converting each measure to the previous one, and writing them one 
below the other in the Hindu way, we have 

5 
1 

16 
1 
4 

1-f 
20 

1 + 

5 

where + indicates subtraction. 

Now applying the rule to the uppermost two fractions of this chain, 
we get 

83 
16 
1 

4 

1 + 

20 

1 + 

5 



1 qf. MSi, xv. 18 ; GT, p. 39, lines 7-10. 
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Now applying the rule to the uppermost two fractions of this reduced 
chain, we get 

333 
64 

1 + 

20 

i + 

5 

Applying the same rule to this chain, it reduces to 

6659 
1280 

1 + 

and then to 

33294 16647 
6400 or 3200 

Hence the required result is 

16647 647 . 

~32~0T or 5 3200 pura * as - 

Rule for reducing fractions of the bhagamata class : 

42. That (class of fractions) in which fractions of the 
'bhaga and other classes occur in combination (of two or 
more) is called bhagamata. In that (class), the result is obtained 
by applying the aforesaid rules separately. 1 

Ex. 23. What amount is obtained by adding together 
i» i ofj, J+J of i, and J-i of J? 

Ex. 24. If you know the method of calculation, say 
what amount will be obtained by the addition of I , \ of J , 
1 -r I , and 8+| ? 

(as) Rule of three (trairastka) 

Rule of three ; 

43. In (solving problems on) the rule of three, the 
argument ( pramana ) and the requisition ( kcha ), which are 
of the same denomination, should be set down in the first and 
last places; the fruit (phala ), which is of a different deno- 
mination, should be set down in the middle. (This having 
1 Cf. GSS, iil 138. 
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been done) that (middle quantity) multiplied by the last 
quantity should be divided by the first quantity. 1 

Ex. 25. If 1 pala and 1 karsa of sandal wood are ob- 
tained for ten and a half panas, then for how much will 
9 palas and 1 karsa (of sandal wood of the same quality) be 
obtained ? 
Here 

argument — 1 pala and 1 karsa 
■» 1J or 5/4 palas ; 
fruit =* 10£ or 21/2 panas ; 
and requisition = 9 palas and 1 karsa 
= 9£ or 37/4 palas 

Writing' these quantities as directed in the rule, We have 



5 


2, 


i 

37 


4 


2 


4 



Then applying the rule, the required result 

^ (21/2) X (37/4) g 21X37 . 

5/4 2%5~ panaS 

or 4 puranas, \Z panas, 2 kakinis and 16 varatakas. 

Ex. 26. If 1| palas of black pepper are obtained for 
l£ panas, then how much of that (black pepper) will be 
obtained for (10 - |) panas ? Say quickly. 

Ex. 27. If one and a half dronas and three kudavas of 
grain is obtained for 8, say, if you know, for how much will 
one khart and one drona (of that grain) be obtained. 

Ex.28. If 60+| kharts of grain is obtained for 100+£ 
rupas, how much of that (grain) will be obtained for a quarter 
of a rupa ? 3 



i Cf. A, ii. 26; BrSpSi, xii. 10 ; GSS, v. 2{i) ; MSi t xv. 24-25(i) ; Gr, 
p. 68, vs. 86 ; Si&e, xiii. 14 ; L (ASS), p. 71, vs. 73 ; GK, /, p. 47, vs. 60. 

s Examples similar to Exs. 25-28 occur in GSS, iii. 3-6 ; v. 8, 9, 13, 
14 ; GT, p. 68, vs. 87, p. 69, vs. 88 ; p. 70, vs. 90 ; p. 71, vv. 91, 92; 
£{ASS), pp. 72-73, w. 74, 76 ; GK, I, p. 47, lines 13-14, 17-18, p. 48, 
lines 8-11; and also in Bh&skara I's comm. (629 A.D.) on A, ii. 26-27. 
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The term rupa stands for any coin whatever. "By the word rupaka 
is meant a coin of gold, etc., bearing the name pana, etc." 1 

Ex.29, Where one survarna gets 70+| rupas, say,^ 
friend, what will 1 masa as lessened by ^ (of a masa) get *" 
there. 1 

Ex. 30. A certain lame person goes to a distance of I 
of z.yojana in 1 of a day, say in how much time will he go 
to a distance of 100 yojanas.* 

Ex. 31. An insect goes to a distance of I of an ahgula in 
J of a day, in how much time will it go to a distance of 10 
and a half yojanas ?* 

# 

Forward and backward motion: 

44(i). On subtracting the backward motion per day 
from the forward motion per day, the remainder is the (true) 
motion per day. 5 

Ex. 32. The best amongst the elephants goes forward 

at the irate of «1 + |) (1 - U (1 + i) of a in 
6 X 1 X 1 * |(1 + 4) of i day, and comes back at the rate of 
2 (1*- i) yojanas in (1 + J) days. Say, friend, in how much 
time will he go to a distance of 100 yojanas. 6 1 

Ex. 33. In how much time will a man, earning at the 
rate of (8 |) rUpas in (1+1) days and spending on his food 
at the rate of J per day, be a lord of 100 (rupas) V 

""T^^q^fe^^rtf^H See Parame&vara's commentary 



on A, ii 30. 

* Cf. GT, p. 73, vs. 95. 

t $ EZ HI L I, 60 recio ; GSS. v. 23 ; AfS, *v. .30. 

Rrrrw v 27 Similar examples occur also in &M. See, lor 
• "RM TTT Ml If verso ; M4, 36 verso. Also see Prthudaka's 

instance, BM, HI, Ml, ^^^D^^ in his comm . G n B&rSpSi, xii. 

5S^1 l5?^i^jS^-rm V, example in his comm. on 

f'cj^BM, III, L 1, 60 recto ; M 11, 44 recto and verso ; M 12, 
43 recto ; GSS, y. 26. 
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(24) Inverse rate of three (vyasta-trairaiika) 

Inverse rule of three : 

44(ii). When there is change in the unit of measure- 
ment, the middle quantity multiplied by the first quantity and 
divided by the last quantity gives the result. 1 

Ex. 34. When (a given quantity of pearls is) measured 
at 8 pearls a necklace, the number of necklaces is twenty ; 
say, mathematician, what the number of necklaces would be 
(when the same quantity of pearls is measured) at 6 pearls a 
necklace. 3 

Ex. 35. Being measured by the masa of 5 raklikas, a 
quantity of gold amounts to 300 suvarnas. Say how much 
would that (quantity of gold ) amount to, when measured by 
the masa of 6 raktikas* 

Raktika is the same as gunja. 

Ex. 36. How much gold of 11 varnas can be had in 
exchange for 168 suvarnas of 16 varnas ?* 

Ex. 37. Quickly say how many blankets of length 6 
(cubits) and breadth 2 (cubits) can be made out of (the yarn 
which yields) 200 blankets of length . 9 (cubits) and breadth 

3 (cubits). 8 

Ex. 38. How much gold of 10 1 varnas will be obtained 
in exchange for 100 suvarnas and 8 masas ( of gold ) of 
12\ varnas ? s 

(25-27) Rules of five, seven and nine (parica-sapta-nava-rasika) 

Rule of five, seven, and nine : 

45. After transposing the fruit from one side to the 
other, and then having transposed the denominators (in like 

l Cf BrSpSi, xii. ll(i); MSi, xv, 25(H). Also see L (ASS), p. 74, 
vs. 77-78 ; GK, I t p. 49, vs. 61. 

3 The same example occurs in GT, p. 74, lines 8-9. 

» Cf. L (ASS), p. 76, vs. 81 ; GK, I, p.. 50, lines 3-4, 7-8. A similar 
example occurs in BhSskara I's comm. on A, ii. 26-27(i). 

*Cf.GT, p. 74, vs. 96. Also Cf GSS t v. 18 (i) ; vi. 173*, 174J; 
L (ASS;, p. 75, vs. 80. For the meaning of varna see infra p. 36. 

*Cf. GSS, v. t9. 6 Cf GSS, v. 18(u\). 
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manner) and multiplied the numbers (so obtained on either 
side), divide the side with larger number of quantities (nume- 
rators) by the other. 1 

The two sides referred to in this rule are known as (i) the argument 
side (pramanarasi-pakm) arjd (ii) the requisition side (iccharasi-paksa). In 
Ex. 40, for instance, these sides are as follows ; 

f 100^ or 201/2 
(i) argument side •{ $ 

L lior3/2 



... . , f 60i or 241/4 
(n) requisition side | ^*^ OT i 5 ) Z 



These are written as 



(ft 



(ii) 



201 


241 


2 


4 


1 


15 


3 


2 


3 





2 





being written in place of the desired quantity (unknown)- 
Then the rule is applied as follows ; 



Transposing the fruit, we get 

(i) 



no 





j 


201 


241 


2 


4 


1 


15 


3 


2 





3 




2 



* Cf. BrSpSL xii. 1 l(H>12 ; GSS, v. 32 ; MSi, xv. 26, 27 ; GT t p. 74, 
,. 97 ; Si&e, xiii, 15; L (ASS), pp. 76-77, vs. 82 ; GK, J, p. 50, vs. 62. 
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Transposing the denominators, we get 

.(*>.. (») 
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201 


241 


4 


2 


1 


15 


2 


3 





3 


2 





Now we see that the number of quantities (numerators) in (ii) is 
greater than that in (i). Hence the unknown quantity (interest) 

_ 241X2X15X3X3 
201X4X1X2X2 
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125 
536 



Ex. 39. If the interest on 100 for a month be 5, what 
is the interest on 60 for a year ? From the interest say the 
time ; and from them both, (say) the unknown principal. 1 

Ex. 40. If 1J be the interest on 100 J for one-third of a ' 
month, what will be the interest on 60i for (8- J) months.* 

Ex. 41. When the price of a suvarna of gold of 16 varnas 
is 60, then say the price of 63 suvarnas of gold of 10 varnas? 

Ex. 42. One-half of a suvarna of pure gold as diminished 
by 1 gunja costs 20| ; what will 3 gunjas of gold of 11^ varnas 
cost ? 

Ex. 43. If 8 dronas of rice are carried to a distance of 
one yojana for 6 panas, say for how much will a kharl together 
with a drona (of rice) be carried to a distance of 3 yojanas* 



1 Cf GSS, v. 33, 41 ; GT, p. 75, vs. 98 ; L (ASS), p. 77, vs. 83; 
CK, K I, p. 50. lines 18-21. Similar examples occur in BhSskara I's comm. 
on A, ii. 26-27{i). 

■ Cf. GSS, v. 34 ; GT, p. 76, vs r 99 ;„G7T, /, p. 51, lines 6-9. Similar 
examples occur in Bh&skara Ts comm. on A. ii. 26-27(i). 
8 Cf. GSS, v. 35. 

4 Cf. GSS t v. 36 ; GT, p. 78, vs. 101. 
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Ex. 44. If 3 labourers earn 5 rupas in 2 days, say what 
will 8 labourers earn in 9 days ? l 

Ex.45. If a blanket, whose breadth is 2 (cubits) and 

length 8 (cubits), gets 10, what will 2 other (similar) blankets 
of breadth 3 (cubits ) and length 9 (cubits) get ? 3 

Ex. 46. If a ( rectangular piece of) stone with length, 
breadth, and thickness equal to 9, 5, and 1 cubits respectively 
costs 8, what will two other (rectangular pieces of stone) of 
dimensions 10, 7, and 2 cubits cost ? 3 

Ex. 47. If the diet of an elephant of diameter 2 (cubits), 
height 6 (cubits) and length . 7 (cubits) is one drona, what 
should be the diet of an elephant of diameter 3 (cubits), height 
9 (cubits) and length 10 (cubits) ? 4 

(28) Barter of commodities (bhanda-pratibhanda) 

Rule for problems on the barter of commodities : 

46(i). In (problems on) the barter of commodities, 
having transposed the prices (of the commodities), apply the 
previous rule (i.e., rule of five, etc.). 5 

Ex. 48. If 2 palas of dry ginger are obtained for 6 
and one pala of long pepper for 9, how much of long 
pepper will then be obtained for 6 palas of dry ginger ? 6 



1 Cf. GT, p. 77, vs. 100. 

2 I his example is the same as that given in GT, p. 78, vs. 102. 

8 This example is the same as that given in GT, p, 79, vs. 103. 
Also cf. L (ASS), p. 79-80, vs. 85; GK, I, p. 52, lines 2-5. 

4 Similar examples occur in BhSskara I's comm. on A, ii. 26-27(i) 
and in Prthudaka's comm. on BrSpSi, xii. 10-12. 

B Cf. BrSpSi, xii. 13(i); MSi, xv. 28(i); GT, p.80, lines 16-17; Sib, xiii, 
16(i); L (ASS), p. 83 vs. 88; GK, I, p. 53, lines 2-3. Also see GSS t vi. 18. 

« Cf. GSS, v. 37, 33 and vi. 19-20; GT, p. 81, lines 6-9. 
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Setting down the argument and requisition sides, we have 
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6 


9 


• 2 


1 


6 





Transposing the prices of the commodities, we get 



6 


9 


I 


2 


6 





Now we have to apply the rule of five, etc. But the fruits (i.e. prices) 
have been already transposed, and there are no denominators on any 
side. Hence the required answer 

~~ 9X2 

tss 2 palas of long pepper. 

Ex. 49. If 16 mangoes are obtained for 2 panas and • 
100 wood-apples for 3 ( panas ), say then how many woodr 
apples will be obtained for 6 mangoes. 1 

(29) Sale of living beings ( jlva-vikraya) 

Rule for problems on the sale of living beings : 

46(ii). In (problems on) the sale of living beings, the 
same rule (of five, etc.) is applied after transposing the ages 
(of the living beings). 8 

Ex. 50. If 5 women of 16 years of age get 200, say 
then, O mathematician, how much will 2 women of 20 years 
of age get ? " 

1 Cf. GSSy v. 38; GT, p. 80, lines 23-26; L (ASS)^ p. 84, vs. 89; 
GK t I, p. 53, lines 5-8. A similar example pccurs in Prthudaka's comm. 
on BrSpSij xii. 13. 

* Cf. GT, p. 81, vs. 108; SiSe, xiii. 16 (ii); GK, I, 53, vs. 63. 

» 0/ GSS, v. 40; GT, p. 81, vs. 109; L (ASS), p. 74, vs. 79; GJT, 
p. 53, lines 15-18. 
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Setting down the argument and requisition sides, we have 



5 


2f 


16 


20 


200 





Transposing the ages (of the women), we get 



5 


2 








16 


200 





Now we have to apply the rule of five, etc. Therefore, transposing 
ithe fruit, we have 



5 

20 



2 
16 

200 



There being no denominators on any side, the required amount 



5X20 



Ex. 51. If 3 camels of 10 years of age get 108 puranas, 
say then what will 5 camels of 9 years of age get. 1 



1 A closely similar example occurs in GT t p, 82, vs. 1 10. Also 
C/. CSS, v. 39. 
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DETERMINATIONS (Vyavahara) 

(i) Determinations pertaining to mixtures of things 

(misraka-ypavahara) 

( i ) SIMPLE INTEREST 

Rule for finding the capital and the interest, when the 
amount and the rate of interest are given : 

47. Multiply the argument (pramana-rasi) by its time, 
and the other time by the fruit (phala) ; divide each of those 
(products) by their sum, and multiply by the amount (i.e., 
capital plus interest). The results (thus obtained) give the 
capital (ynula-dharia) and the interest (vrddhi-dhana) respectively. 1 
That is, 

_ . . _ argument X tim e X amount 

p argument X time + fruit X other time 

fruit X other time X amount 

Interest = : ; — r — • — r — : 

argument x time + iruit X other time • 

Ex. 52. The rate of interest being 5 per cent per 
month, a certain sum is seen to amount to 96 in a year. Say, 
friend, what is the capital and what the interest ? a 

Here argument 100, time « 1 month, fruit — 5, amount = 9'6, 
and other time = 1 year, ue. t 12 months. Therefore 

i 100 X 1 X 96 , n 
Capital = TMxT+5^n2 = 60 » 

_ , . 5X12X96 
Interest = 100X1+ 5 x 

Ex. 63. The interest on 100£ for one month and a 
quarter being 1£, a certain sum amounts to 36£ in a period 
of 1\ months. (Find the sum and the interest accrued 
thereon). 

Rule for separating the capital, interest, and the commission 
of the surety etc., from the given amount : 

48. Divide the product of the argument and its time 

* Cf MSi, xv. 31; GT, p. 82, vs. 11 1 ; Side, xiii. 17; L (ASS), p. 85. 
vs. 90. Also see BrSpSi, xii. 14 (ii); GSS, vi. 21 , 23. 

3 The same example occurs in GT, p. 83, vs. 1 12. Also see GSS, 
vi. 22, 24; L (ASS), p. 86,^vs. 91; GK t /, p. 60, lines 10-11. Similai 
examples occur also in Prthudaka's comm. on BrSpSi, xii. 14. 
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as also the fruit (i.e., interest), etc., as multiplied by the other 
time by their sum, and then multiply them by the mixed 
amount : then are obtained the capital etc. in their respective 
order. 1 

This rule is similar to the previous one. 

Ex. 54. The rate of interest being 5 per cent per 
month, the commission of the surety (bhavyaka) 1 per cent per 
month, the fee of the calculator (vrtti) % per cent per month, 
and the charges of the scribe £ per cent per month, a certain 
sum amounts to 905 in a year. (Find the capital, the interest, 
•and the shares of the surety, calculator, and the scribe). 8 

Here argument = 100, time = 1 month, first fruit = 5, second 
fruit = 1, third fruit - i, fourth fruit = i ; amount = 9J5, and other 
time ■» 1 year, i.e., 12 months. 

. argument X ti me X amount 

'*• Ca P ltal ™ argument X time + (sum of fruits) X other time 

100 X 1 X 905 

™ iuo x i + & + l + Hi) x 12 

- 500. 

first fruit X other time X amount 
Interest = ar g Ume htX time -V- (sum ot fruits) X other time 

5 X 12 X 905 

" 100 x 1 + (5 + 1 -M + i) x 12 

- 300. 

second fruit X other time X amount 

Commission of surety = argument x time -r (sum of fruits) X other time 

1 X 12 X 905 » 

= 1U) X i + ( 5 + i + * + i ) X 12 
« 60. 

Similarly, fee of the calculator =- 30, and charges of the scribe = 15. 

Rule for finding the time in which a sum lent out at simple 
interest will be paid back by equal monthly instalments : 

49-50. To get the desired time (ipsitakalopanqye) sub- 
tract from the capital (mulat) the present worths of the first 
monthly inst#ment, the second monthly instalment, etc., 

* Cf.GT t p. 83, vs. 113; Si"&; xiii, 18; 

» The same example occurs in G7*, p. 83, vs. 114, 
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(mula\ one after another (prthak prthak ). [This will give 
the number of complete months elapsed (gata-masd) and a 
residue of the capital (mula-sesa), if any]. Now calculate 
interest for a month on the residue (hsasya*masika~phalam\ 
and subtract that from the amount of monthly instalment 
(masikopanayat) : by the remainder divide the interest for 
a month on the residue (masikaphala) as multiplied by the 
number of complete months elapsed (masa) and increased by 
the residue of the capital (mulasesa). 1 The quotient added 
to the number of complete months elapsed (gatamasa) gives 
the time (in months) of recovery of the capital (together 
with interest).* 

Let C be the capital lent out, i the rate of interest per cent per 
month, / the amount of monthly instalment of payment, and T + -p 
* > I , the time in months in which the money is recovered with interest 

Now suppose that the P.W.S of the 1st, 2nd,. .., Tth instalments 

having been subtracted one after another from C, the residue left is R. 

Then evidently, R is the P.W. of for + -j ) months, so that 



ICO X -4 



100 + 



whence "~~ — »• 

* f 

~~ luo 

Hence the required time T + -j- 



X + — — p . months. 
i 

100 



Ex. 55-56. A rich man lent to somebody a sum of 100 
rupas at 5 per cent (per month simple interest) and from him 

l The reading mhsasesayag occurring in the Sanskrit text should, be 
i Cf. GK, /, p. 72, lines 14-15 ; and p. 73, lines 1-6. 
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took a house bearing a rent of 40 (rupas) per month. Say, 
learned man, after how much time is the debter relieved of 
his debt, and what does the rich man get by the gain of bare 
accommodation. 1 

Rule for converting several bonds into one : 

51. The sum (samasd) of the interests (phala ) (accru- 
ing on the given bonds) for the elapsed months (gatakala), being 
divided by the sum (aikya) of the interests (on the same 
bonds) for one month, gives the time (in months for the equi- 
valent single bond) ; and 100 times the sum of the interests for 
one month (on the bonds), being divided by the sum of the 
capitals (dhanayogd) (of 'the bonds), gives the rate of interest 
per cent (per month) (for the single bond).' 

Let the capitals, rates of interest and the times elapsed for the given 
n bonds be as follows : 

Capitals : P\, P$ t ..; P n « 

Rates of interest : r^, r 9 , r 3 ,. . . , r a per cent per month 
Times elapsed : fj, f a , fg, .. , t a months. 

Then the time elapsed (f) and the rate of interest (r) for the equivalent 

single bond are given by 

100 100 ^ "' 100 . 
/ = — - months, 

100 100 100 100 

/ 

_ V loo + loo + loo ^-'"^ loo ;xi"u 

andr P x + P 3 + P s + .... + P m 

per cent per month. 

Aryabhatall puts the above results in the following simplified forms: 3 

P. t. r, + P a f 3 r a + ... + P n t B r n 

t = p r , l r\ MP r months, 

P, r. + P 3 r 3 + ... + P„ r n t t , 

and r - 1 V , p- -T ' p per cent per month. 

"l "r" * 3 "T* ••• ~T "a 



1 A similar example occurs in GK, I, p, 73, lines 8-10. 

2 Cf. GT, p. 86, lines 12-15. Also see GSS, vi, 77-77£. 

3 See MSi, xv. 33. The reading as emended by S. Dwivedi is 
incorrect. 
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Ex. 57-58. (There are 4 bonds on which) capitals 
amounting to 100, 200, 300, and 400 are given (to some one 
on interest) at the rates of 2, 3, 4, and 5 per cent (per month) 
in the respective order ; and months amounting to 2, 3, 5, and 
4 each multiplied by 2, have passed (since the execution of 
the respective bonds). Say, how would a single bond 
(eka-patra) be now made out of these. 1 

Ex. 59. Also say, O learned (mathematician), how a 
single bond be made (out of 4 bonds) with the same capitals 
as previously stated and with rates per cent (per month) of 
interest augmented by | (in each case) and months elapsed 
increased by £ (in each case). 3 

Rule for finding the time in which a capital lent out on 
interest at a given rate would become a (given) multiple of 
itself : 

52(i). The product of the time and the argument, 
being divided by the fruit and (then) multiplied by the 
multiple minus one y gives the (required) time. 3 

Ex. 60(i). A sum of money is put to interest at 5 per 
cent per month. When will it become twice of itself ?* 

Ex. 60(ii). And when will (another sum of money) put 

to interest at 3| per cent (per month) become \\ of itself ?* 

In Ex. 60 (i), time == 1 month, argument = 100, fruit = 5, and 
multiple = 2. Therefore the required time 

= ^ X (2 — I ), t.€. y 20 months. 

Similarly in Ex. 6J(ii), time . - 1 month, argument = 100, fruit 
«= 3i, i.e. 7/2, and multiple « 1 J. Therefore the required time 

1 X 100 50 
= — ^2 — x ~ 4 » ue - ^months 

= 7 months, 4 days, 17 ghatikas, 8$ casakas. 



I Cf. GSS, vi. 78i ; GT. p 86. lines 25-28 (contd. on p. 87 ). 

* Cf. GT, p. 87, lines 22-23. 

» Cf. BrSpSi, xii. 14 (i); GT, p. 85, line 19. Both are literally the same 

* A similar example occurs in Prthudaka's comm. on BrSpSi xiL 
14. The same example occurs in GT t p. 85, lines 24-25. 

* A similar example occurs in Prthudaka's comm. on BrSpSi, xii. 
14. The same example occurs in GT t p. 86, lines 4-5. 



36 



DETERMINATIONS 



(«) ALLIGATION 

Rule for finding the varna of the alloy obtained by melting 
together a number of pieces of gold of given weights and 
varnas : 

* 

52(H). The sum of the products of weight and varna 
of the several pieces of gold, being divided by the sum of the 
weights of the pieces of gold, gives the varna (of the alloy). 1 

That is, if n pieces of gold of weights wj, w %) w> 9 , w a and 
varnas vi, tfg, 03, .. , v a respectively are melted together, then the varna 
v of the alloy is given by 

— w i v i .-K^g p a + ••• + Wa Va ■ 

The term varna used above is analogous (though not equivalent) to 
the modern term *carat*. It is used to denote the fineness of gold. Gold 
of 1 varna contains 1 part of pure gold and 15 parts of impurities (in the 
form of baser metals) ; gold of 2 varnas contains 2 parts of pure gold and 
14 parts of impurities ; and so on. Pure gold, called kalyana-suvarna, is of 
16 varnas (or 24 carats). Thus the amount of pure gold in a piece of 
gold of weight w and varna v is equal to ztw/16. 

The rationale of the above rule is as follows : The amount of pure 
gold in the n pieces of gold mentioned above is equal to 

wxvx ,w 3 Vi w s _v a . 

and the amount of pure gold in the alloy of those pieces of gold is equal to 

16 

Since ( 1 ) and (2) are equal, therefore 



(2) 



- 16 - CS -16"+"I6- + - + ~16 



Hence 



•Q = . 



Ex. 61. Of what varna do 9, 5, and 17 masas of 
gold of 12, 10 and 11 varnas (respectively) become when 
melted together ? 



iCf,BM, III, H 1, 16 verso; GSS, vi. 169 (i), 172| ; L (ASS), 
p. 99, vs. 103 (i); GK,I, p. 76, lines 5-7. 
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Ex.62. Of what varna do (the three pieces of gold of) 
5 plus 4 plus J, and 7 plus \ masas and 11 plus \ t 10. 8 
minus \ varnas (respectively) become when mixed in one ? l 

Rule for finding the varna of the refined gold (obtained by 
mixing up and refining a number of pieces of gold of given 
weights and varnas), when the weight of the refined gold is 
known : 

53(i). The sum of the products of varna and weight 
of the several pieces of gold, being divided by (the weight of) 
the refined gold, gives the varna (of the refined gold). 8 

That is, if n pieces of gold of weights Wy> w. 2l w n and varnas 
c l» v n >°n respectively are mixed up and refined, then the varna v 
of the refined gold is given by 



w 



where w is the weight of the refined gold. 

The rationale is similar to that of rule 52(ii). 

Ex. 63. 5, 8, and 6 suvarnas of varnas 12, 9, and 15 minus 
| respectively, being mixed up and refined, are seen to be 
reduced to 16 suvarnas in all. Quickly say the varna of that 
(refined gold). 

Rule for finding the weight of the refined gold, when the 
varna of the refined gold is known : 

53(ii). The same (sum of the products of varna and 
weight of the several pieces of gold), being divided by the 
varna (of the refined gold), gives the weight of the refined gold. 3 

That is, if n pieces of gold of weights w u o> a , ... , w a and of 
varnas v it v t , .. , o a respectively arc mixed up and refined, then the weight 
so of the refined gold is given by 

w= ± w i v l + w i p 8 + ... -f w a v a 
v 

where v is the varna of the refined gold. 



i Similar examples occur in BM, HI, H 1. 16 verso: H 2, 17 recto 
and 17 verso; GSS t vi. 170-171*. 

a Cf. MSi, xv. 39 (ii); GK,I t p. 76, vs. 18. 

r , *!tJ?' B /i' ni * H3 ' 18 recto; GSS > vL l75 i 176$, MSi, xv. 40; 
L (ASS), p. 102, vs. 106 ; GK, /, pp. 76-77, vs. 19. 
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Ex. 64. (Three pieces of gold of weights) 10, 7, and 5 
masas are seen to be of 9, 8, and 6 varnas (respectively). On 
being mixed up and refined, they become of 11 varna. Say' the 
• weight of the refined gold. 

Rule for finding the unknown varna of one of the pieces of 
gold, when the varna of the alloy of those pieces of gold is 
known : 

54. The sum of the weights of (all) the pieces of gold 
being multiplied by the varna of the alloy (of those pieces 
of gold), (then) diminished by the products of weight and 
varna (of the pieces of gold of known weight and varna), and 
(then) divided by the weight of the piece of gold of unknown 
varna, gives the (unknown) varna} 

That is, if n pieces of gold of weights w it w 9 ,...,w a and varnas 
v lt v q ,... } v D respectively are mixed up with another piece of gold of 
weight w and of unknown varna, and the varna of the alloy is found to 
be t>', then the unknown varna v will be given by 

V = (W l +W t + .... + K>„ + W) V' - (u>i C 1 + Wj v 2 +...±W a g») 

" w ~ • 

Ex. 65. 1, 2, and 6 suvarnas of 5, 3, and 4 ksayas 
(respectively) being mixed up with a pala of gold of unknown 
varna become of 12 varna. (Find the unknown varna)* 

Just as the varna. of gold indicates the fineness of gold, so the ksaya 
of gold indicates the impurity of gold. Gold of 1 ksaya contains 1 part of 
impurities and 15 parts of pure gold; gold of 2 ksayas contains 2 parts of 
impurities and 14 parts of pure gold; and so on. Thus the varna and ksaya 
arc related by the formula 

varna -f- ksaya = 16. 
Rule for finding the unknown weight of one of the pieces of 
gold, when the varna of the alloy of those pieces of gold is 
known : 

55. The sum of the weights of the pieces of gold multi- 
plied by the varna of the alloy (of those pieces of gold), (then) 

* Cf. MSi, xv. 39 (i); GK, 1, p. 76, vs. 18. 

* Similar examples occur in BM\ III, H3, 18 recto; GSS. vi. 178: 179: 
L (ASS), p. 102, vs. 107; GK, I, p. 77, lines 4-7. 
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diminished by the products of weight and varna (of the pieces 
of gold of known weights and varnas), and (then) divided by 
the varna of the piece of gold of unknown weight minus the 
varna of the ajloy, gives the (unknown weight of) gold. 1 

That is, if n pieces of gold of weights w lt «, a , w a and varnas 
»i» z>a, Q „ respectively are mixed up with a piece of gold of varna v but 
of unknown weight, and the varna of the alloy is found to be v', then 
the unknown weight w will by given by ' 

= ( gl +">■+••* + ( w,v, + W% 0, + ... + to n v a ) 



w 



Ex. 66. 2, 3, and 4 mhas of gold of ksqyas 7, 4, and 5 
(respectively) being mixed up with some gold of ksaya 2, the 
alloy is found to be of ksaya 4. Quickly say with "how much 
of that gold (of ksaya 2 have they been mixed up). 3 

Rule for finding how much of inferior gold (and how much 
of pure gold) will have to be taken in constructing a number 
of test sticks of progressively decreasing varnas : 

56. The weight in terms of mesas (masatmaka mana) of 
one (test) stick being divided by the difference in terms of 
yavas between the varnas (of pure and inferior gold) and multi- 
plied one time, 2 times, etc., of the progressive decrease of 
varna in terms of yavas, gives the respective amounts of inferior 
gold.s 

That is, if n test sticks of weight w and varnas 16 -ft, 16 - 2k,..., 
16 -nk are to be made out of pure gold and inferior gold of varna 16 - A", 
then for the construction of those test sticks we will have to take the 
following amounts of inferior gold in the respective order : 

w , w w 



lCf.BM,III % H3, 18 verso; GSS, vi. 175* 180- MSi * v 4.1- t 
(ASS), p. 103, vs. 108; GK, /, p. 77, vs. 20. ' * 

GK^?^™^. 1 *™* ^,vi.l81 ; £(ASS), p. 103, vs. 109; 
vi. 192. C/ " GK> P " 78> UnCS 18 " 21, and P * 79 ' lines l ' 2 ' Aho see GSS > 
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Subtracting these amounts severally from w, we will get the respec- 
tive amounts of pure gold. 

The rationale is as follows : 

Let the required amounts (weights) of gold of varna 16-A" and of 
varna 16 be respectively 

a>i » ™z » » w n 

and (w-w{) , (w-w^), , (w-w a ) , 

Then we evidently have 

(16 - K) w r +■ 16 ( zt> - i« r ) = W { (6 - r k) f 
where r *= ], 2, ... , n ; whence 

The text does not give the relation between a masa and a jw<*, 
but the commentator takes one masa as equivalent to I6jiavas. 

Ex. 67-68. A series of varnas, from 0'£f<zjto to 6 fyaja, 
uniformly increasing by i fooya, is to be constructed of sticks' 
of 2 each. O mathematician, if you know then quickly 
say after calculating how much gold of varna 16 and how 
much gold of varna 10 will have to be taken (in each case). 1 

Rule for finding the weights of two gold balls of equal value 
(i.e., containing equal amounts of pure gold), when the sum 
of their weights and also the varnas of the alloys formed by 
mixing each of them with given proportions of the other 
are known : 

57. The (given) varnas (severally) divided by the (given) 
fractions, each increased by 1, should be mutually diminished 
by the given fractions as multiplied by them {i.e., the given 
Varnas severally divided by the given fractions, each increased 
by 1). The two (results thus obtained) should be divided by 
their (own) sum, then their order should be reversed, and 
then they should be multiplied by the sum of the weights of 
the gold balls. This will give the weights (of the gold balls) 
separately. 



* Cf GK, I y p. 80, line* 2-5. 
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That is, if w be the sum of the weights of the two gold balls, 
v 1 the varna of the alloy formed by mixing the first gold ball with ajb part 
of the second, and z/ 2 the varna of the alloy formed by mixing the second 
gold ball with c/d part of the first, then the separate weights Wl and w % of 
the first and second gold balls are given by 

--<w{r£r»-T^K < 2 > 

where Jfc= J-^_ _ M^IM , J W*)v?\ . 

1 1 +c/d 1 +ajb i ^ II + tt jb ~ 1 +cjd J 

The rationale is as follows : 

Let V x and F 2 be the varnas of the first and second gold balls respec- 
tively. Then we have 

1 w x +(alb)wv "' W 
{cld)w x V x +w*Vz 

and, since the gold balls are of equal value, 

w v V x =w*\\ . (6) 
Dividing (4) by (5), and making use of (6), we have 



whence 



«'l = If 2 _ . 

1 ~ 1 +dfb 1 T+^jd 

But by virtue of (3), each of these is equal to wfk. Hence we 
have (I) and (2). 

Rule for finding the varnas of two gold balls of equal value, 
when the sum of their weights and also the aanwwofthe 
alloys formed by mixing each of them with given propor- 
tion of the other are known : 

58. The weights of the two (gold) balls (obtained by 
applying the previous rule) should each be increased by the 
given fraction of the weight of the other. The two (results 
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thus obtained) being divided by the (same) fractions, each 
increased by 1, then multiplied by the (respective) varnas, 
and then divided by the (respective) weights of the gold 
balls, give the varnas (of the two gold balls). 1 

That is, if Wl and w a be the weights of two gold balls whose 
varnas are V x and \\ respectively, v t the varnaoi the alloy formed by mixing 
the first gold ball with ajb part of the second, and i> 2 the varna of the 
alloy formed by mixing the second gold ball with c}d part of the first, then 

y ^ _ w i + (ajb) w% 
1 (\ +alb) w^- Vi> 

_ o>3 + (eld) w L 

v * n +cid) ^- v *- 

Of these results, the first follows from equations (4) and (6) of the 
previous rule, arid the second from equations (5) and (6). 

Ex. 69. There are two small balls of gold of equal 
worth (i.e., having equal quantities of pure gold), whose com- 
bined weight is 5 masas. When they are respectively combined 
with f part and | part of the other, they become of 10 and 9 
varnas respectively. (Find their weights and varnas separa- 
tely). 

Ex. 70. O learned one, there are two small balls of 
gold of equal value. When taken together, their weight is 1,2 
masas ; and when they are respectively combined with f part 
and I part of the other, they become of 12 and 10^ varnas 
respectively. (Find their weights and varnas separately). 

(Hi) PARTNERSHIP 

Rule for finding the shares of the partners in the produce : 

59(i). To obtain the individual shares (of the partners) 
in the produce (phalavaptyai), the seeds (contributed by the 
partners) (praksepa), as divided by their sum, should be severally 
multiplied by the produce (phala")^ 

l See also GSS, vi 209-212; and GK, J,p. 81, lines 9-18. 
3 Cf. BrSpSi, x'i. 16 (i); Si£e, xiii. 19 (i); L (ASS), p. 90, vs. 94; GK, 
I, p. 54, 'lines 11-12. Also see GSS, vi, 79£ ; MSi, xv. 36. 
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The praksepa, according to the commentator, is <f that which is thrown, 
scattered, or sown as seed" and therefore "seed", and the phala is "what is 
produced out of that". 

Ex. 71. Two, three, five, and four prasthas of seeds (are 
the contributions of the partners) and 210 {prasthas of grain ) 
is the produce ; what are the shares (of the partners) 
separately ? 

Ex. 72. \ prastha is (the contribution) of one, \ {prasthd) 
of another, ^ {prastha) of still another, and 1700 {prasthas ) is 
the produce. Say what are their shares (in the produce) 
separately. 

(to) PURCHASE AND SALE 

Rule for obtaining the quantities and prices of each of a 
number of commodities separately, when they are purchased 
in a specified proportion for a given amount of money : 

59(ii). Having divided the (given) rate-prices (of the 
commodities) by the (corresponding) rate-quantities (of those 
commodities) and (then) having multiplied them by the 
corresponding proportions (in which those commodities are 
purchased), apply the previous rule. 1 

Aryabhata II states the rule more explicitly. He writes ; 2 

"Set down the rate-prices as multiplied by the respective propor- 
tional parts and divided by the rate-quantities of the respective commodi- 
ties in two places. Multiply the results set down in one place as well as the 
proportional parts by the mixed price and divide by the sum of the results 
set down in the other place. These give the prices (paid for the respective 
commodities) and the quantities (of the respective commodities that are 
obtained) respectively." 

Ex. 73-74. 7 kudavas of mudga ("seeds of Phaseolus 
mungo") are obtained for 9 panas, and \ kudava of rice is 
obtained for one pana. 



1 Cf. Sige, xiii. 19 (ii); GK, I, p. 57, vs. 2. Also see GSS, vi. 87|-89i. 
* MSi, xi. 37-38 (i). Also see L (ASS), p. 92, vs. 98. 
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Then, O merchant, take 3 panas and a half and quickly 
give me one part of rice and two parts of mudga. 

Solution. Dividing the rate-prices of mudga and rice by the corres- 
ponding rate-quantities of those commodities, we get 

9 A 2 
-yand — • 

Multiplying these by the corresponding proportions in which they 
are purchased (i.e., by 2 and I ), we get 

and 2. 

1 8 

Now we apply the previous rule- Thus dividing —and 2 by their 
sum, and multiplying them by the total price (i.e., 3| panas), we get 

63 A 49 H 

32 and 3T^ 
These are the prices of mudga and rice respectively. 

63 49 

The quantities of mudga and rice obtained for ^ panas and P anaS 
respectively can now be obtained by the rule of three. These come out to 

be — kudavas and kudavas respectively. 
32 * o4 

Ex. 75. \ pala of asafoetida (hihgu), 2 palas of long 

pepper (pippali), and 7 palas of dry ginger (sunthi), are each 

obtained for one rupa. Give me equal quantities (of each 

of them) for one rupa. 1 

Rule for finding the rates of purchase and sale when mer- 
chants investing unequal capitals become equally rich by 
purchasing and selling articles at the same rates : 

60. Reduce the capitals (pitta) to a common denomina- 
tor, and then remove the denominators. This being done, 
the greatest amount increased by an optional number (1, 2, 3, 
etc.) gives the rate of sale (i.e., the rate at which the 
articles are sold for one rupa ; vikraya). 

That (i.e., the rate of sale) multiplied by the price at 
which each remnant article is sold (antyargha\ being dimini- 

~ i Cf. GK, J, p. 57, lines 16-19. 
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shed by 1 and then multiplied by the common denominator 
(of the capitals), gives the rate of purchase (i.e., the rate at 
which the articles are purchased for one rupa ; kraya). 1 

That is, if ft persons, whose capitals reduced to a common deno- 
minator are 

% ! JJ> "■ > Jj ™P as respectively, 

invest their capitals in purchasing certain articles at the rate of x articles 
per rApa, and if by selling those articles in multiples of y at the' rate of y 
articles per rapa, and the remnant articles, at the rate of R rupas per 
article, they become equally rich, then 

x - D{Ry - I), 

and y = C^-H » 

where is the greatest of all Cs , and k an arbitrary integer. 

The rationale of this rule is as follows : 

Suppose that by selling the articles in multiples of y , the n person? 
earn P x , P % , P$ ... . P a rupas respectively. Then the total amounts 
earned by the n persons by selling all the articles (including the remnant 
articles) are respectively 

P^R^x-P.y), P,+R{^ *-P*y), ...» 
and P n + R(jif x~P n y) rupas , 

^ -Pi{Ry - i ) , - i ) , .., 

and R ^- X ~P a ^Ry - 1 ^rlpt 



or 



Since these amounts are equal to one another, therefore we have 
RC x x 



: w-- p A Ry ~ ] )' 



D 



or RC x x- P Y D(Ry- 1) = RC^x- P s D(Ry-l) = ... 

= RC n x - P*D{Ry - 1) = M say. ( \) 

To solve (1) , let x = M = D(Ry ~ I); 



1 Also see GSS, vi. 102£ ; GK, I, pp. 94-97, vv. 36 (ii) *-38(i). 
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then- 

RC T -P r = 1 , (2> 

for r «= I , 2 r ... x n. 

■ But ICdEH^p+Jl-' 

y 1 y 

where A r is the remainder when (C T jD))c is divided by y , so that, 
when # = i>(Ap-l), 

r ~ y 

_ C T (Ry-\) A t 

y ~ y 

- RC T - Cr + \ p) 

Therefore, wc must have* 

y > C t , for all r r 

y> c \>' 

where is the greatest of all C's. 



Hence a solution of (1) is 

* = -l) r 

£ being an arbitrary integer. 

Sub-rule for finding another rate of purchase, when the capitals 
are integral and the articles which are left after selling at 
the general rate as also the amounts of money acquired by 
selling the articles at the general rate have a tommon factor : 
61. The articles which are severally left after selling 
(at the general rate) (i.e., the remnant articles) as also the 
amounts of money which are severally acquired by selling the 
articles (at the general rate), being abraded by their common 
factor (lit. divisor), the resulting equal amounts of money 
(i.e., the equal sale proceeds) give another rate of purchase. 

This rule relates to the case when D — I s and may be expressed 
analytically as follows \ 

If d be the common factor of 
and ( C x x - P x y), ( C^x - P 2 y), ... , ( C n x - P D y ), 
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Chen another rate of purchase is x' articles per rupa, where 

*' = P^fd + R( C t x - P x y )fd 
= P a /<f + i?( C a * - P*y)fd 

m 9 m • a • 

= PJd + R{C a x - P a y)j,d t 
where x = Ry~ \ , y = C k + k , being the greatest of all C's and 
<k an arbitrary integer ; the rate of sale being the same as before 
{ i.e^ C^+& articles per rupa )» 

The rationale of this rule is as follows : 

When D = I , the equations (1) of the previous rule may be 
written as 

RC^x-P^Ry-X) «= RC^x-P^Ry-l)** .„ 

=RC n x-P B (Ry-l)=M. (1) 
Dividing throughout by d , and writing x' for xjd , P r ' for P t jd 9 
«.nd Af for Af/</, we have 

flC^'-P^- \)=RC 9 x'-P*'(Ry- 1) =*.... 

= fl<V -P n '(^- 1) = Af. (2) 

The values of x , y satisfying (1) give one set of rates of purchase 
and sale, and the values of x' ,, y satisfying (2) give another set of rates 
of purchase and sale. 

When M = Ry— 1 , a solution of (1) is, as before, 

x c= Ry - l ■) 

y - C^+t J 

and the corresponding solution of (2) is 

- (R>-l)7rf,i.e., M' 1 



(4) 



The rates of purchase and sale given by (3) are those already given 
in Rule 60 ; those given by (4) are those mentioned in the present rule* 

Since, from (2), 

M* ~ PJd+RiC^-P^jd = P*ld+R{C 2 x*-P*y)1* 

= ... = pjd+RiC^p^), 

it is clear that the value of x given by (4) is the same as that stated 
in the above rule. It can be easily seen that M ' is an integer. 

Note. When £M 1, then another rate of purchase will be D(Ry- l)jd 
articles per r upa, where y*=C^+ L 
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Ex.76. The capitals of (three) men are 1, 3, and 5 
(rupas) or ^„ £ and \ (rupas) (respectively). By purchasing and 
selling (certain articles) at the same rates and by selling the 
remnant articles at the rate of 1 for 3 (rupas), they become 
possessed of equal riches. (Find the rates of purchase and 
sale). 1 

Sub-rule for finding the rates of purchase and sale when each 
of the remnant articles is sold for a fractional price : 

62. When the remnant-price (i.e., the price at which 
each remnant article is sold) is fractional (lit. has a denomi- 
nator), reduce it along with the capitals to a common 
denominator (and rem6ve the denominators as before), and 
multiply the rates of purchase and sale resulting from them 
(by applying Rule 60; by the common denominator. 3 

That is, if the capitals of the n persons and the remnant-price 
reduced to a common denominator be as follows 

Capitals: 

Remnant-price : — rupas, 

then » = D*(-^y-l} 9 

and y — D (C* + k) , 
being the greatest of all C's and k an arbitrary integer. 
The rationale of this rule is as follows ; 

As before, equating the wealths of the n persons after all the articles 
have been sold away, we get [see equations (I ) of Rule 60 (notes)] 

-§.C lX -. Pj D(±y -l)=|-. C, X -P,D(^yl l) 



1 Cf. GSS, vi. 103 J, 1044; GK, I, p. 96, lines 2-6, and p. 97, lines 7-9. 

" Cf. GSS, vi. 107£. For another rule, see GSS t vi. 109|; GK,I, p. 98 
Hnes 2-7. * 
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or AC,* - p x D* (|_,~1) = RC a x-P*D* 

... - RC n X-P n D* ( I ) = JV, »y. (1) 

Let JV = £>»( §^-1), then 

RC, - P r = 1, (2) 

for r= l, 2, «. 

But (C,jD)x p A,. 

y y * 

C x 

where A t is the remainder when -jy is divided by j>, so that, when 
*-!>H~y-l), 

~* — — AdM^ 

Therefore we must have 

> for all r, 

t>f > >c x a 

Where is the greatest of all C*s. 
Hence a solution of (1) is 

y = DCCtfkh 
k being an arbitrary integer. 

Ex.77. The capitals of four men are if, 2,3, and 5 
rupas. By purchasing and selling (certain articles) at the same 
rates, and by selling the remnant articles at the rate of 1 for J 
(of ^ rupa)) they become possessed of equal riches. (Find the 
fates of purchase and sale). 1 

* C£ GSS, vi. 108*, IlOfc GK, /, p. 99> lines 2-5 and 1 5-18. 
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Rule for finding out how a specified number of creatures of 
given rates can be bought for a specified price : 

63-64. By the price of one creature of any variety 
multiply the rate-creatures (of other varieties) in the order in 
which they have been stated (in the problem) (and also the 
number of creatures to be bought). From the products (corres- 
ponding to the rate-creatures) severally subtract the respec- 
tive rate-prices of the creatures (and from the product 
corresponding to the number of creatures to be bought sub- 
tract the specified price). Now multiply the various remain- 
ders, excepting that obtained by subtracting the specified 
price, by optional nunrbers (multipliers) which are to be 
chosen in such a way that (i) the resulting products when 
added together may yield (the remainder obtained by sub- 
tracting) the specified price as sum, and (ii) on taking the 
products of those multipliers and the respective rate-prices, 
a negative number or zero may not be obtained for the multi- 
plier of the creature which is without a multiplier. (The multi- 
pliers for the various creatures, obtained in this way, when 
multiplied by the respective rate-creatures, will give the 
number of creatures of the different varieties that will be 
bought for the specified price ; and the same multipliers 
when multiplied by the rate-prices of the respective creatures 
will give the prices that will be paid for the creatures of the 
respective varieties). 1 

For the explanation of this rule see under Ex. 78-79. 
Ex. 78-79. Pigeons are sold at the rate of 5 for 3 (rupas), 
cranes at the rate of 7 for 5 (rupas), swans at the rate of 9 for 
7 (rupas), and peacocks at the rate of 3 for 9 {rupas). Knowing 
the rates as stated above, bring 100 birds for 100 rapas 
for the amusement of the prince. 2 

1 Cf. GK S 7, p. 92,vv. 34(ii)-35. For other rules see GSS, vi. 146J, 15!, 
a The same example occurs in GSS, vi. 152-153; BBi (ASS), p. 163, 
vs. 138; GK, /, p. 93, lines 2-5. A similar problem occurs in BM, III, E 3, 
58 verso, which may be stated as : 'A man earns 3 mandas in a day, a 
woman l\ mandas in a day, and a sudha % manda in a"day. If 20 of 
them earn 20 mandas in a day, how many of each category are there?' 
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Let the number of pigeons, cranes, swans, and peacocks bought for 
100 rupas, and the prices paid for the respective birds be as follows : 

Pigeons Cranes Swans Peacocks 

Number 5x ly 9z 3a 1 

> (') 

Price 3* 5y Tz 9u J 

Then we have 

5*+7j>+9*+3« = 100 , (2) 
3x+5y+1z+9u - 100 . (3) 

Multiplying (2) by 3 (which is the price of one peacock) and 
subtracting (3) therefrom, we have 

12*+l6y+20* * 200. (4) 

This is an indeterminate equation having an indefinitely large 
number of solutions. But we are in the present case concerned only with 
those positive and non*zero solutions of (4), which make 

5x , ly , 9z , and 3k 

positive integers. 

Proceeding by trial, we obtain the following sixteen such solutions 
of (4) : 

(1) *=3, >=4, 5 = 5. {9)*«4,j-7, 5=2 k 

(2) *«1I s j-3, . (10)* = 8, >~4, 5=2. 

(3) * = 1 , y=$ , z = 3 . (11) *=12,>=1 , 5=2. 

(4) *=6 , y^3 , 5 = 4 . (12) *-5 , y=5 , 5=3 . 

(5) x=*2 , jp=6 , 5=4 > (13) *=9 , y=2 , 5 = 3 . 

(6) ^=4,^*2,^ = 6, (14) * = 7, y=\ , 5 = 5 . 

(7) x=3 , y=9 , 5=1 . (15) , j>=3 , 5=7 . 

(8) *«7, _?=*6, «=1 . (16) *=2,>«1, 5=8. 
The corresponding values of a are obtained from (2) k 

Substituting these values of x,y, z, and a in (!),, we obtain sixteen 
Valid solutions of the problem. (For actual solutions, see the answer). 



The above analysis explains the basis of the foregoing rule (Rule 
63-64). It may be observed that the multipliers mentioned in the rule 
refer to the variables x, y, z t and u. 
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Ex. 80. (The rates of sale) of pomegranates, mangoes, 
and wood-apples are respectively 1 for 2 (rupas), 5 for 3 (rupas\ 
and 2 fruits for 1 (riipa). Bring 100 (fruits) for 80 (rapas). 1 

O) MEETING OF TWO TRAVELLERS 
Rule for finding the time in which the fast traveller, who starts 
travelling on the same track after the slow traveller has 
already covered a specified distance, would overtake the slow 
traveller : 

65. By the difference between the speeds per day of the 
fast and slow travellers divide the distance already travelled 
by the slow traveller. This gives the time (in days in which 
the fast traveller would overtake the slow one). 3 

Ex. 81-82. When a person, travelling ( at the speed of) 
% yojanas per 5 minus \ days, has already travelled for 6 minus 
k days, another person, who travels ( at the speed of) 3 yojanas 
a day, starts travelling (from the same place) along the same 
track. Say, after calculating, when the latter traveller would 
overtake the former. 3 

Rule for finding the time when two travellers, one fast and 
the other slow, who, starting simultaneously from the 
same place, are destined to go to a specified distance 
and then to come back by the same track, will meet each other 
on the way, one going ahead and the other coming back : 

66(i). The (length of the) track divided by half the 
sum of the speeds per day (of the two travellers) gives the 
time (in days) at meeting. 4 

The time at meeting is evidently measured since the start of travel. 
Ex. 83. One man travels ( at the speed of) 8 yojanas 
(a day) and another (at the speed of) 2 yojanas (a day). 
(They start simultaneously from the same place, and after 
reaching the destination come back by the same track). 

1 Cf. GSS,vi. 147£-149, J 50. 

• Cf BM, III, A 13, 3 recto; GSS, vi. 326*. 

' Cf GSS I "^(™ Ct ° S E 2 ' 53 reCt ° ; E 2 ' 53 vcrso ' GSS > vi ' 327 *- 
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The (length of the) track is 100 yojanas. Say where is the 
meeting (of the two), one going ahead and the other coming 
back. 

Sub-rule for finding the length of the track : 

66(ii). The time of meeting multiplied by half the sum 
of the speeds per day (of the two travellers) gives the length of 
the track. 

Sub-rule for finding the speed of one of the two travellers : 

67(i). The (length of the) track as divided by the time 
of meeting, being doubled and then diminished by the speed 
(of one of the two travellers) gives the other speed (i.e., the 
speed of the other traveller). 

(vi) WAGES AMD PAYMENTS 
Rule for finding the wages for carrying a bottle of oil when 
some oil falls down on the way due to a hole in the bottle : 

67(h). Give half the wages for the quantity fallen down 
(on the way) and full for the rest." 

It can be easily seen that the wages prescribed in this rule cbrres-" 
pond to the average load carried by the porter. 

Ex. 84-85. While a leathern oil-bottle {kutapa\ filled 
with 200 palas of oil, was being carried (by a porter) to a 
distance of 8 yojanas for 5 panas (as wages), a hole hap- 
pened to occur in the bottom of it through which the oil 
leaked out (on the way) continuously. If 20 palas of oil be left 
(in the bottle), what wages should be paid (to the porter)? 3 

Rule for finding the amounts to be paid to a dancing party 
by the spectators, who see the dance for different parts of the 
day, the amount to be paid to the dancing party for the whole 
day being given: 

68. The succeeding parts of the day, each diminished 
by the preceding one, should be multiplied by the 'fruit' 

1 Cf. BM, III, 9 verso ; GSS, vi. 321 -32 U 
a Cf. GK, I, p. 102, lines 6-7. 

1n , 3 Read 4Arte for dhrte in the text. For a similar example, see GK. L 
p. 10j, lines 2o. 
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(phala) ; then having divided them severally by the respec- 
tive numbers of spectators, add the preceding results to 
•the succeeding ones. The results thus obtained being multi- 
plied by the numbers of spectators who go away (at the end 
of the respective parts of the day), give the amounts to be paid 
(to the dancing party by the spectators who go away at the 
end of the respective parts of the day). 1 

By the word 'fruit' ( phala ) is meant here the amount to be paid to 
the dancing party for the whole day. 

The above rule is based on the assumption that the spectator^ 
have to pay the dancing party in proportion to the time of seeing the 
dance. That is, if the spectators who see the dance for the whole day 
pay 96 rupas in all, then the spectators who see the dance for J of a day 
will have to pay 96/4, i.e., 24 rupas in all. 

For the illustration of the rule see under the next example. 

Ex. 86-87, One man saw a dance for one quarter of the 
day, another for two quarters of the day, another for 
three quarters of the day, and (yet) another till the end of the 
day. The dancing party has to be paid by them a sum of 
ninety six rupas in all. If payment is to be made in propor- 
tion to the time of seeing the dance, how much of that (sum) 
should be paid by each of them separately ? 

Solution. Writing down the parts of the day during which the 
various spectators saw the dance, we have 

lift 

Diminishing the succeeding part by the preceding one, we get 

I 11 i 

Multiplying each of these by the fruit (i.e., by 96), we get 
24 24 24 24 

Dividing these numbers by the number of spectators who saw fhs 
dance during the respective parts of the day, we get 

6 8 12 24 



l See GSS, vi. 230- 
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Adding the preceding numbers to the succeeding ones, we get 
6 14 26 50 

Multiplying by the number of spectators who go away at the end of 
the respective parts of the day, we get 

6 14 26 50 

Hence the spectator who saw the dance for | of the day will have 
to pay 6 rupas ; the spectator who saw the dance for | of the day will have 
to pay 14 rupas ; the spectator who saw the dance for f of the day will 
have to pay 26 rupas ; and the spectator who saw the dance for the whole 
day who will have to pay 50 rupas. 

Ex. 88. A palanquin is to be carried to a distance of 
3 krosas by 10 men for 100 (rupas as wages). Of those (men), 
2, 3, and 5 stop away after going over 1, 2, and 3 krosas respec- 
tively. (Calculate the wages of each of them separately). 1 

Ex. 89-90. Five Brahmanas, enchanters of stotras 
("hymns in praise of gods"), were invited by a certain person 
to take part in the worship of the five faces of the five-faced 
god &iva on (a remuneration of) 300 rupas. And they, on the 
completion of worship of one, two, three, four, and five faces 
respectively, went away (from the place of worship) one by 
one. 2 Say what are their remunerations (separately). 

(vii) THE CISTERN PROBLEM 

Rule for finding the time in which a cistern would be filled 
up by a number of drains flowing into it simultaneously, when 
the times in which the cistern is filled up by each drain 
separately are given : 

69. Having divided unity severally by the (given) 
fractions (of time), take the sum of the quotients and by that 
sum divide unity (again) : this will give the time in which 
the cistern is filled up (when all the drains are simultaneously 
opened to flow into it).» 

1 Cf, GSS, vi. 231-232. 

3 What is meant is this : when the worship of the first face was com- 
pleted by all the five Brahmanas, one Brahmana left the place of worship ; 
when the worship of the second face was completed by the remaining four 
Brahmanas, one more Brahmana left the place of worship ; when the 
worship of the third face was completed by the remaining three BrShmanas, 
one more Brahmana left the place of worship ; and so on 

s Cf. MSi, xv. 43; L (ASS), p. 91, vs. S6 ; GK, /, p. 94, line 2-3. 
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That is, if n drains severally fill up a cistern in 

then all the drains working together will fill up the cistern ui 

1 



t— , t— , ... , 7-*-* of a day, 



, , , of a day. 

Ex. 91. In what time will the (four) drains, which 
Severally fill up a cistern in J, £. and ^ of a day, fill up 
that cistern if they are opened simultaneously (to flow into 
it) ?i 

(viii) WAGES PAID FROM THE COMMODITY 

Rule for finding the wages of a porter who carries a commo- 
dity over a part of the stipulated distance, when the wages 
are to be paid out of the commodity itself : 

70. (To obtain the wages for a part of the stipulated 
distance) divide half the product of the commodity and the 
stipulated distance as diminished by the square root extracted 
from the square of half the product of the commodity and the 
stipulated distance as diminished by the (continued) product 
of the distance (already) gone over, the distance to be gone 
over, the commodity, and the stipulated wages, by the 
distance which is still to be gone over. 3 

Assuming that the (stipulated) Wages for carrying a articles over the 
(stipulated) distance d are w articles (out of those a articles), let the 
wages for carrying those a articles over a distance d t , where d 1 < d , be 
x articles (out of those a articles). Then calculating at the same rate, the 
wages for carrying the remaining a - x articles over the remaining distance 
d-d i are equal to 

j — dl tines, 

ad j 



But the remaining wages being w~x articles, we hav* 
(a* x) (d-d^x 



a J7- 



1 Similar examples occur in Pfthudaka Svarm's (860 A.D.j comm. 
or BrSpSi, xn. 9; L (ASSj, p. 91, vs/97 ; GK, I, p. 94, lines 5-6. 

* Cf. GSS, vi. 226.. for another rule, see GK, I, p. 103, lines 10*15, 
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OTt (d-di) x*-adx + awd x = , 

_ ,ad]2 dz Viadl2) % - awd i {d-dj^. 
whence x — ' d—d\ 

Taking the negative sign before the radical, we have the rule stated 

above. The positive sign is rejected because it makes x > w. 

Ex. 92. If for carrying 24 jack-fruits over a distance of 
Skrosas (a porter) is to get 9 of those jack-fruits, what wUl 
he get if he carries them over a distance of 2 krosas (only) ? 
Rule for finding the distances over which two porters carry 
acommoditv in turn, when the wages paid to the porters 
out of the commodity carried by them are given : 

71 The first and the second loads (i.e., the loads carried 
bv the first and the second porters), each multiplied by 
the wages for the other, being added together, the resul- 
ting sum is (to be taken as) the divisor (of the following 
results): the results obtained by multiplying the products 
of the wages received (for each of the loads) and the 
(total) distance (gone over by the porters), each by the other 
load. This gives the distances (gone over by the first and the 

second porters separately).* 

Suppose that the first porter carries a articles over a distance x 
Unknown) and gets Particles out of those a articles as wages, and that 
the second porter carries the remaining a- b articles over the remaining 
distance d - x and gets c articles as wages, Then, we have 

b{a-b)(d-x) 

c = — - ~j 

ax 

x d-x d 

whence { a -b\b~ ~ a T ac+{a-b)b 

Hence the above rule. 
Ex. 93-94. Twenty-four jack-fruits were carried (over 
a certain distance) bv one (person) for 4 out of those (24) jack- 
fruits as wages; the remaining jack-fruits were carried (over 
the remaining distance) by another person for 5 of them (as 
wages). The load was thus carried by the two (person) over 

^Cf G^S, vi. 227. Also see GK, I, p. 103, lines 17-20. 
1 See CSS, vi. 228. 
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a distance of 5 krosas (in all). Say, O learned, how much of 
that distance was gone over by each of them P 1 

(ix) COMBINATIONS OF SAVOURS 

Rule for finding the number of combinations that can be 
formed out of a given number of savours (or things) by 
taking 1, 2, 3, all at a time : 

72. Writing down the numbers beginning with 1 and 
increasing by 1 up to the (given) number of savours in the 
inverse order, divide them by the numbers beginning with 1 
and increasing by 1 in the regular order, and then multiply 
successively by the preceding (quotient) the succeeding one. 
(This will give the number of combinations of the savours 
taken 1, 2, 3, ... , all at a time respectively). 3 

Let the given number of savours be six. Then the numbers 
1, 2, 3,.„, 6 are written down in the inverse order thus : 

6 5 4 3 2 1 

These are divided by the numbers I, 2, 3, ... 6 respectively, so that 
we get 

_6_ _5_ _4_ 3 2 1 

l ' 2 ' 3 » T* T' T- 

Now multiplication is made successively by the preceding quotient of the 
succeeding one. Thus we get 

~' i 2 ' i X T X T' "r x T x T x T'T x T x T X T X T S 

_6_ _5_ 4_ 3_ 2 I 
1 X 2 X 3 X 4 X T X ~6"- 

These, according to the rule, are respectively the numbers of combinations 
of the six savours taken I, 2, 3,..., 6 at a time. 

Ex. 95. Friend, a cook prepares varieties of food with 
the six savours, pungent, bitter, astringent, acid, saline, and 
sweet. Say what is the (possible) number of varieties ?» 

1 A similar problem occurs in GSS, vi. 229. 

• Gf. GSS, vi. 218 ; MSi, xv. 45(ii>46 ; L (ASS), p. 106, vv. 112-113 
(i); GK, II, pp. 318-319, vs. 58. 

* The same example occurs in GSS, vi. 219 ; GK, II, p. 319, Ex. 22 
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Rule for writing down the combinations of 2 or more savours 
in a serial order : 

73. To get the 2-savour combinations add the pre- 
ceding savour to all the succeeding one's in order ; and to get 
the combinations of 3 or more savours add the preceding 
savour to the (succeeding) combinations of 2 or more savours 
which do not contain the preceding savour. 

Let the six savours be denoted by 

a b c d e /. 

Then the 2-savour combinations are : 

ab, oc, ad, ae, of; be, bd, be, bf ; 
cd, ce, cf; de, df ; ef. 

The 3-savour combinations are : 

abc, abd t abe, abf t acd, ace, acf, ode, adf ', aef; 
bed, bee, bef, bde y bdj , bef ; cde, cdf, cef; def. 

The 4-savour combinations are : 

abcd„ abce, abef, abde, abdf t abef, acde, aedf; 
acef, adef ; bede, bed/, beef, bdef cdef. 

The 5-savour combinations are : 

abede, abedf, abcef y abdef, aedtf, bedef . 

The 6-savour combination is : 

abedef . 

(*) CERTAIN SPECIAL TYPES OF PROBLEMS 

Rule for solving problems on pillars (stambhoddesaka 1 ) of 
problems involving remainders (sesoddesaka) : 

74(i). To solve problems on pillars or problems involv- 
ing remainders, divide the visible quantity (drsja) by one minus 
(the sum of) the fractional parts (of the whole).* 



1 MahSvira calls sthambha-jati by the name bhaea-jati. and Snpati 
by the name drsya-jati. See GSS, iv. 4(i) and GT, p. 41, vs. 55. 

m-k-*-^ G . SS > iv ' 4(i); GT ' P" 41 > vs ' 55 ' AIso see GK J> P- J 7, line s 14-19. 
wiahavura gives a separate rule for the sesa-jati. See GSS, iv. 4{ii). The 

p a ™4 'une ll giVeD by ^ yabha * a 11 and £"P ati - Sec MSi > *»• 20; GT, 
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Ex. 96. One-fourth, one-third, and one-sixth of a pillar 
are respectively buried under the water, mud, and sand of a 
river, and three cubits (of the pillar) are visible. Give out 
the measure (of the length) of that (pillar). 1 

Here the given fractions (of the pillar) are £ , | , and J ; and the 
visible quantity (i.e.,- the visible part of the pillar) is equal to ' 3 cubits.' 
Hence the length of the pillar 

- F^TiTi+i) ' ' 12 cubit! - 

Ex. 97. After giving away one-half of a quantity > then 
| of what remains, then f of what remains thereafter, and 
then | of what remains thereafter, the residue left is 3. 
(What is that quantity ?)« 

Here the fractions (of the whole quantity) given away are 
i,f of (l-i) , f of (l-§) , and 

tof(l-*j(l-|)(l-i), 
i.e., \ t 4 , i . and 3 V ; 
and the visible quantity (i.e., the residue left) is 3 . 

Hence the required quantity 

= £ , , i.e., 360 . 

1 - U + 4 + 8 + sV) 

Rule for solving problems involving differences (pisesoddesaka): 
74(ii). On subtracting the smaller quantity from the 
greater quantity what remains is called the difference 
(viwa)* (This having been done) the procedure (to be adop- 
ted is the same as the other one (i.e., the previous one).* 

Ex. 98 . Of a herd of cows, one-half went away towards 
the east and one-fourth towards the west, the difference of the 



~ i cf. GSS iv. 5; GT, p. 41, vs. 56. For other examples see GSS, iv. 
6-22 ;GT, p 42, vs. 57 ; L (ASS), pp 47-48, vs. 53; GK, /, p. 20, lines 4-7, 

^Vpo^other examples, see GSS, iv. 29-30,31,32; GT, p. 44, lines 
20-23 ; p. 45, lines 16-19; L (ASS), pp 49-51, vs. 54. . ; 

■» Mahkvira does not differentiate between bhaga-jati and vzsesa-jati 
(or visUsa-jati)). So he sets problems on the latter under the bhaga-jatu 
See GSS, iv. Ex. 23-27. 

* Cf. GT, p. 46, lines 10-13. 
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two as multiplied by 2 and divided by 5 went away 
towards the north, and three (cows) are left. (What is the 
numerical strength of the herd P) 1 

Here the fractions (of the herd of cows) that went away in the 
various directions are 

and J(i-i) 

and the visible quantity (i e., the number of cows left) is 3. Hence the 
numerical strength of the herd 

3 



1 - (t + 1 + n) 



i.e., 20 cows. 



Rule for solving problems involving remainders due to sub- 
traction of square root, etc. (muladihsoddesaka) : 8 

75. When the visible quantity stands near a square 
root, multiply the visible quantity by 4, then increase that by 
the square of the pada {i.e., the co-efficient of the square root 
of the unknown), then extract the square-root of that and 
increase that by the pada t and then take the square of half of 
that ; (and when the visible quantity stands near a fraction) 
divide the visible quantity by one minus the fraction. 8 

The first part of this ruie relates to the solution of the quadratic 
equation of the type 

x - pi/x = d, 

where p is the pada, d the visible quantity (dr'sya), and -jx the positive 
square root of x. The solution is correctly stated as 

x = ^id+~p* + p y 



1 For similar examples see GSS, iv. 2?-27; GT, p. 46, lines 20-25; 
L (ASS), p. 53, vs. 55, 

1 Mah£vira and &ripati have called muladisesa-jati by the name 
sesam&la-jati. 

8 C/. GSS, iv. 40; GT, p. 48, Unes 24-25. 
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The second part of the rule relates to the solution of the simple 
equation of the type 

x-- b x=d, 

where afb is the fraction and d' the visible quantity. The solution is 
correctly stated as 

d' 

x = 



1 - afb ' 



Ex. 99. A number is diminished by its square root, 
what remains is diminished by its one-sixth, what remains 
after that is diminished by its square root, what remains after 
that is diminished by its one-fifth, and what remains after 
that is diminished by twice the square root of itself; the 
residue now left is 8. (Find the number). 1 

This problem reduces to the solution of the following equation : 

"5 {*- - «i- l(x-ix) } 

which can be written as 

x-<lx=y, (1) 

where y „ l y=sz> (2) 

Z-<~z~u, (3) 

»-2Vf = 8. (5) 

Solving these equations in the inverse order, we get * - 36. 

Hindu Method of Solution. Writing down the square roots and frac- 
tions, which have been successively subtracted from the original number, 
in ©rder and then the visible quantity, we get 

Square root, lj6part of the remainder, square root of the remainder, 1/5 part of the 
remainder ■, 2 times the square root of the remainder^ visible quantity 8. 

n m 1 ?. ther « xam P les s «, GSS t iv. 41, 42-45, 46; GT, p. 49, linei 
/-1U; p. .0, hnes 2-5. 
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Since the visible quantity stands near a square root, therefore per- 
forming the operations prescribed in the first part of the rule, we get 

This is the number which when diminished by 2 times the square root 
of itself yields 8 as remainder. 

Now treat this (16) as the visible quantity. Since it stands near a 
fraction, therefore performing the operation prescribed in the second part 
of the rule, we get 

16 . ?n 
I ^ -^j^ 3 i.e., cm. 

This is the number which when diminished by 1/5 of itself yields 16 
as remainder. 

Now treat this (20} as the visible quantity. Since it stands near a 
square root, therefore performing the operations prescribed in the first 
part of the rule, we get 

f ^4x20 + 1+ n a . 

L 2 -I ' 1,e *' 25, 

This is the number which when diminished by its square root yields 20 as 
remainder. 

Now treat this (25) as the visible quantity. Since this stands near a 
fraction, therefore performing the operation prescribed in the second part 
of the rule, we get 

This is the number which when diminished by its £ yields 25 as 
remainder. 

Now treat this (30) as the visible quantity. Since this stands near a 
square root, therefore performing the operations prescribed in the first 
part of the rule, we get 

This is the number which being diminished by its square root yields 30 
as remainder. 

Since all quan titles in the statement of the problem are now 
exhausted, no further operation is needed. The required number is thus 
obtained to be 36. 
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Rule for solving problems in which the visible quantity is the 
remainder due to the subtraction of a fraction of the unknown 
and also a multiple of the square root of the unknown 
(bhagamulagroddesd) : x 

76. After having divided the pada (i.e., the co-efficient 
of the square root of the unknown) and the visible quantity 
(or ultimate remainder, agra) by one minus the fraction, add 
the square of half the first quotient to the second quotient, 
then take the square root of that, then increase that by half 
the first quotient, and then multiply that by itself. 3 

This rule is meant to solve problems reducing to a quadratic 
equation of the type 

x --y x -PV~ = d > 

where a\b is the 'fraction 3 , p the *pada\ d the visible quantity, and 4x 
the positive square root of x. 

The solution is correctly stated as 

* = [2 (f-fl/*) + ^ {"a (1 + T^aW] 
Ex. 100. One-third of a troop of monkeys together 
with one-third of itself has gone to the tank ; the square root 
(of the whole troop) is afflicted with thirst ; and the remain- 
ing two monkeys are sitting under the mango tree. (What is 
the number of monkeys in the troop ?) 9 

Rule for solving problems involving two visible quantities, 
the square root of the original number, and remainders due 
to subtraction of fractional multiples of remainders (ubkayagra- 
mulasesoddesa):* 

77. Take the continued product of units severally 
diminished, as before, by the fractional multiples of remain- 

* Mah£v?ra calls bhagamulagra-jati by the name mula-jati, ^ripati by 
the name mulUgra-bhaga-jati, and NSrSyana by the name rnZmsavimula-jati. 

« Cf. GSS, iv. 33; GT, p. 50 lines 27-28 (contd. on p. 51, lines 1-2). 
Also see GK> /, p. 21, lines 2-6. 

s For other examples see GSS, iv. 34, 35, 36, 37, 38, 39; GT t p. 5! , 
lines, 11-14; p. 52, lines 16-19; p. 53, lines 17-20 ; GK, I, p. 23, lines 15-16, 
18-19, and p. 24, lines 1-2. 

4 MahaVira calls ubhayagramulasesa-jati by the name dviragrasesamula- 

jati, and &r!pati by the name ubhayagradrsya-jati. 
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ders as the divisors of the pada as well as the (last) visible 
quantity ; to the second quotient also add the first visible 
quantity. After that apply the previous rule (starting with 
'add the square of half the first quotient*). 1 

This rule applies to problems which reduce to the solution of the 
quadratic equation of the type 

{l~ ajb) (l-c}d){\-elf) (x-dj - pi/x = d % , 
where cjd, elf are the fractional multiples of remainders, p is the pada, 
d_ , d_ the first and last visible quantities, and Hx denotes the positive 
square root of x, as before. 

According to the above rule, this equation should be first trans- 
formed into the form 



x - 



p _____ / — + & 

{\-alb){\-cld)(\-elf) V X (■-«/*) U-'AO (l-«/f) 



and then solved by the previous rule. 

Ex. 101. After giving away one (out of a certain 
number), then one-sixth of what remains, then one-fourth of 
what remains after that, then one-third of what remains after 
that, and then the square root of the original number, the 
residue left is 5. (What is that number ?) 2 

Rule of inversion : 

78. (Proceeding from the visible quantity backwards, 
make) addition subtraction, subtraction addition, multi- 
plication division, division multiplication, square square- 
root, and square-root square : this is stated to be the method 
of inversion. 3 

Ex. 102. Say what (is that number which) being multi- 
plied by 5/2, then divided by 3, then squared, then increased 
by 9, then reduced to its square root, and then diminished by 
1, becomes 4. 4 

iCf. GSS, iv. 47 ;GT, p. 54, lines 21-24 

* For other examples see GSS, iv. 4b, 49, 50; GT, p. 55, fanes 7-10, 
p. 56, lines 8-11 ; p. 5 , lines 19-22. 

s Cf. i, ii. 28; BrSpSi, xviii. 14(17); GSS, vi. 286; MSi, xv, 23; 
GT, p. 65, vL 83; Si$\ x.ii. 13; L (ASS), p 42, vs. 48; GK t /, p. 46, 

11,68 * For similar examples see GSS, vi 287; GT, p. 66, vs. 84; p. 67, 
vs. 85; L (ASSj, p. 43, vs. 50. 
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(a) Determinations pertaining to series (sredB-vyavahara) 

(£) SERIES IN ARITHMETIC PROGRESSION 
(GEOMETRICAL INTERPRETATION) 

Form of a series-figure (sredhi-ksetra) : 

79. As in the case of an earthen drinking glass 
(Jarava) the width at the base is smaller and at the top 
greater, so also is the case with a series-figure (Jredhl-ksetra). 

The altitude Qambaka) of that (series-figure) is equal 
to the number of terms (gaccha) of the (corresponding) 
series. , 

The series-figure contemplated here is a plane figure resembling a 
trapezium with equal flank sides 

If a series be 

a^(a+rf) + (fl + 2d) + ... ton terms, 
then, according to the second part of the verse, the altitude of the corres- 
ponding series-figure = b units, say n cubits. 

80(i). The (partial) areas (pkala) of the series-figure 
for the successive cubits {kard) of the altitude form a series 
which begins with the given adi ('first term of the series') 
and increases successively by the given caya ('common diffe- 
rence of the series'). 

That is, the area of the series-figure for the first cubit of the altitude 
= a, i.e., the first term of the series; the area of the series-figure for the 
second cubit of the altitude==a + i, i.e., the second term of the series; the 
area of the series-figure for the third cubit of the altitude=a+2f/; and 
so on. 

Construction of a series-figure : 

80(ii). I shall now describe the method for finding 
the lengths of the base (i.e., lower side, bhu) and the face 
(i.e., upper side, mukhd) of the series-figure (corresponding 
to the first term of the series). 

81. The number of terms (pada), i.e., one, is the alti- 
tude of the (corresponding) series-figure ; the first term of 
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the series (mukha) as diminished by half the common diffe- 
rence of the series is the base (dhara) ; and that (base) in- 
creased by the common difference of the series is the face 
(vaktra). AH these should be shown by means of threads. 



That is, 



base = a — 7g 3 



d , d 

and face = (a ) + d, i.e., a + ^ 

82. (Two) threads should then be stretched out, one 
on either side, joining the extremities of those base and face : 
these are the flank sides (bahu) of the series-figure. 

When the base is negative, these threads should be 
stretched out crosswise. 

Thus the series-figure will be of one of the following two forms : 
(i) (K) 

r face 

tace ^— — re 

\ ■ 7 ^\I3^ 

flank side\ altitude / flank side J^f\" a,Utude 

base base 

Forms (ii) corresponds to the negative base. 
83. (When the base is negative the series-figure reduces 
to two triangles situated one over the other.) In the upper 
triangle, the altitude is equal to the face as divided by 
face minus base ; and that subtracted from one gives the 
altitude in the lower triangle. 

That is, 

face . 2a+fl 
(i) altitude of the upper tnangle= facc _ basc ' ie » 2d * 

face . d— 2a 

(u) altitude of the lower triangle<=l - f a ~ _ » ie > 2d ' 
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Rule for finding the face of the series-figure corresponding to 
the given series : 

84. Having constructed the series-figure (for altitude 
unity) in this manner, one should determine the face for the 
desired altitude (i.e., for the desired number of terms of the 
series) (by the following rule) : 

The face (for altitude unity) minus the base (for altitude 
unity), multiplied by the desired altitude, and then increased 
by the base (for altitude unity), gives the face (for the desired 
altitude). 

This rule, on simplification, reduces to the following formula : 
face for altitude n=a-\~(n - \) d. 

Rule for finding (i) the sum of a series in A. P. (interpreted 
geometrically by a series-figure), and (ii) the area of the 
corresponding series-figure : 

85. The common difference as multiplied by one-half 
of the number of terms minus one, being increased by the first 
term, and then multiplied by the number of terms, gives the 
sum of the series. 1 

And the area of the (corresponding) series-figure is equal 
to the product of one-half of the sum of the base and the face, 
and the altitude. 

That is, the sum of the series 

a+(a+d) + (a+2d)+ . ,. to n terms 



(1) 



is equal to {" 2~ < ^ < * } n ' 

and the area of the corresponding series-figure is equal to 

base+face , . , 

2 X altitude, (2) 



i ISf'i'r-T' ^?- 6| .vi.29.); GK. /, 105, lines 12-13. The 
rule of the GK is literally the same as above. 

Brahmagupta {BrSpSi, xii. 1 7) states the result in the modern form • 
S a =a+ {a+d)+(a+2d) + ...ton terms = (n/2)[2a+{n- l)d]. 

The same form is given in GSS, ii. 62; MSi, xv, 47 ; Si&e, xiii. 20 • L> A<5<n 
p. 114, vs. \2l ;GK,I, p. 105, vs. I. * A ' 
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where, according to vv. 80(H) to 84, 

base = a - ' 

face = a + (n- \)d, 
and altitude = n. 

It may be easily seen that (1) and (2) are the same. 

Ex. 103 (i). What is the sum of 5 terms of the series 
whose first term is 2 and common difference 3 ? And what 
of one-half of a term ? 

Ex. 103 (ii). (Also) say (the sum) of one-fifth of a term 
of the series whose common difference is 5 and first term 2. 

Ex. 104-105. In a leathern oil-bottle (kutapa) full of 
oil there occurs a minute hole, and the oil leaks through it. 
The bottle has to be carried to a distance of 3 yojanas. If the 
wages for the first yojana be 10 panas and those for the subse- 
quent yojanas successively less by 2 panas, what are the wages 
for a krosa ? 

Sub-rule for finding the first term of a series in A.P. (inter- 
preted geometrically by a series-figure), when the common 
difference, number of terms, and the sum of the series are 
known : 

86(i). The sum of the series (ganita) as divided by the 
number of terms of the series (pada), being diminished by 
half the common difference (cqya) as multiplied by the 
number of terms (gaccha ) minus 1, gives the first term of the 
series (adi). 1 



That is, 



s d r i\ 

s-(» ~ 1), 

n d, 



where a f d , n , and s respectively denote the first term, common 
difference, number of terms; and the sum of the series. 



1 Cf. GSS t ii. 74(i) ; vi. 292(i) ; MSi, xv, 48 ; Si£e, xiii. 23(i); I(ASS). 
p. 116, vs. 124 ; GK y /, p. 106, vs. 2. Also see GSS, ii. 73(H), 76 
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We know {vide supra Rule 85) that 

whence on solving for a , we get 

s d . 

Sub-rule for finding the common difference of a series in A. P. 
(interpreted geometrically by a series-figure) when the first 
term, the number of terms, and the sum of the series are 
known : 

86(ii). The sum of the series (phala) as divided by the 
number of terms of the series (pada), being (first) diminished 
by the first term (mukha) and then divided by half of the 
number of terms minus 1, gives the common difference of the 
series (pracaya)} 

That is, 

sin- a 
d - *(»-!)» 

where a , d , n , and s have their usual meanings. 
This formula is obvious from that of Rule 86(i). 

Sub-rule for finding the number of terms of a series in A.P. 
(interpreted geometrically by a series-figure), when the first 
term, the common difference, and the sum of the series are 
given : 

87. Multiply the sum of the series (phala) by 8 times 
the common difference (uttara) and (to that product) add 
the square of the difference between twice the first term (Mi) 
and the common difference (pracaya) : take the square root 
of that. That (square root) diminished by twice the first 
term (mukha) and increased by the common difference and 
(then) divided by twice the common difference, gives the 

Tcf. GSS/A. ?4(«) ; vi. 292(ii) ; MSi, xv. 49 ; L(ASS), p. 1 i7, vs. 
126. Also see GSS, ii. 73{i); 75; Si&e, xiii. 23(H). 
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number of terms of the series (gaccha). 1 
That is. 



l/8if + (2a - dj* - 2a -f d 

where a , d , n and s have their usual meanings. 
We know (vide supra Rule 85) that 

dn* + {2a - d)n- 2s = 0. 
On solving this quadratic for k, we get 8 



T/8«fr + {la-dj* - la+d 



n 2d 



taking the positive sign of the radical, because n is positive. 
Hence the above rule. 

Sub-rule for finding the first term of a series in A.P. (inter- 
preted geometrically by a series-figure), when the sum 
of the series, the number of terms, and the sum of the first 
term and common difference are known : 

88. Having subtracted the sum of the series ( pkala ) 
from the mixed amount (misra-dhana) (i.e.j the sum of the first 
term and common difference) as multiplied by one-half of (the 
difference of) the number of terms squared minus the number 
of terms, divide the residue by one-half of (the difference of) 



i Cf. BrSpSi, xiL 18 ; GSS, ii. 70. Also see GSS, ii. 69. 

B Aryabhata I (A, ii. 20) puts the result in the following form : 

Aryabhata II (MSi, xv. 50), Bh&skara II (L, p. i 18, vs. 123) and 
Narayana (GK t t, p. 107, lines 4-7) put it in the form : 

r/2ds + (a-dj2)* -fl+rf/2 

n d • 

Sripati {Si&e, xiii. 24) puts it in the form : 

A 1 ~s / a-rf/2\ a " a - d\2 
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the number of terms minus 1, as diminished by 1 and multi- 
plied by the number of terms. Thus is obtained the first term 
of the series (adi). 

That is 

where the symbols have their usual meanings. 
We know (vide supra Rule 85) that 

— [^y^ (a -r d - a) + a] n 
n* -n, , , x In - 1 ,\ 

— g — (a+d)-s 
a = , t . 

(ii) SERIES IN ARITHMETIC PROGRESSION 
( SYMBOLICAL INTERPRETA HON ) 

According to the symbolical interpretation, the series 

a+(a+d) + (a+2d) -f ... to (n +p(g) terms 

means the sum of n terms together with the pjg part of the (n-f 1)^ 
term. 

Rule for finding the sum of a series in A.P. (interpreted 
symbolically), when the number of terms is partly integral 
and partly fractionaL the first term, common difference, 
and the number of terms being known : 

89. The common difference (cayd) as multiplied by the 
integral part of the number of terms (nirvikalapada) should be 
increased by the first term (adi), and the result (obtained) 
should be kept undestroyed (at one place). The same result 
(written in another place) being increased by the first term 
(mukka\ (then) diminished by the common difference, (then) 
multiplied by one-half of the integral part of the number of 
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terms, and (then) added to the 'undestroyed result' as mul- 
tiplied by the fractional part of the number of terms (yikala), 
gives the sum of the series (jganitd). 

That is to say, tfn+pjq be the number of terms, then 

J== n - (dn+a + a-d)+ s t-{dn+a) , 

where the symbols have their usual meanings. 

It will be noted that 

y (dn + a + a - d ) 
denotes the sum of the n terms of the series, and 

(dn + a) 

is equal to the p/q^ 1 part of the (n+l)** 1 term of the series. 

Ex. 106. One man gets 3 (rupas), and the other men get 
2 rupas more in succession ; say, what do (the first) 4^ men get. 

By saying 4£ men is meant, according to the commentator, that the 
fifth man does only half the work due from him. 

Ex. 107. If a labourer gets 1^ in the first month and | 
more in succession in the following months, what will he 
get in (the first) 3| months ? 

Sub-rule for finding the first term of a series in A. P. (inter- 
preted symbolically), when the common difference, the number 
of terms (which is partly integral and partly fractional), and 
the sum of the series are known : 

90. The integral part of the number of terms (nirvikala- 
padd) minus 1, halved and increased by the fractional part of 
the number of terms (vikala), should be multiplied by the com- 
mon difference (cqya) and also by the integral part of the 
number of terms (vikala-vihtna-pada). The sum of the series 
(dhana) minus that, when divided by the (given) number of 
terms, gives the first term of the series (prabhava). 

That is, ifn+plq be the number of terms, then 

n+pjq 

We know (vide supra Rule 89) that 
s=*~(dn+a+a-d) 

n+pfq 
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Sub-rule for finding the common difference of a series in A. P. 
^interpreted symbolically), when the first term, the number 
Df terms which is partly integral and partly fractional, and 
the sum of the series are known : 

91. The sum of the series (dhand) as diminished by the 
product of the first term and the number of terms, should be 
divided by the sum of the series in which the first term and 
common difference are each unity and the number of terms 
is equal to the given number of terms minus 1. The result 
which is thus obtained is the common difference. 

That is, if n~\~pfq be the number of terms, then 

d = % s-a(n+Plq) 
S 

where S is the sum of (n+pjq - l)'terms of the series 1+2+3+ i. e., 



{Vide supra, Rule 89). 

Sub-rule for finding the number of terms of a series in A. P. 
which is partly integral and partly fractional, when the first 
term, the common difference, and the sum of the series are 
known, the series being interpreted symbolically : 

92-93. To the sum of the series (dhana) as multiplied 
by twice the common difference {cay a), add the square of (the 
difference of) the first term minus half the common difference: 
of that obtain the nearest (integral) square root. That (square 
root), diminished by the square root of the previous square 
(i.e., the square of the difference of the first term minus half 
the common difference), (then) divided by the common 
difference, and (then) rid of its fractional part (vikala), is 
the so called *undestroyed quantity.' 

That ('undestroyed quantity') lessened by 1, being 
multiplied by half the common difference, (then) increased 
by the first term (mukhd), and (then) multiplied by the c un- 
destroyed quantity', should be subtracted from the sum of the 
series (jganitd). That being divided by the first term as 
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increased by the product of the 'undestroyed quantity' and 
the common difference and then added to the 'undestroyed 
quantity', gives the number of terms of the series. 

That is, if n denote the integral part of 

V2ds+{a-d}2)* -{a- d/2) 

then the number of terms of the series is equal to 

1 nd+ a 

The rationale of this rule is as follows : 

Let N be the (unknown) number of terms of the series. Then (vide 
Rule 85) ^ 

s _ d+a) N 

or rfjV* +2 (a - dJ2)N~ 2s= 

giving N= Vlds+(a-dl2)*-{a-dl2) 

d 

Now let N=n+pjq. Then 



M=mtegral part of-- ^ » 

and pjg is obtained by the formula (vide Rule 89) 

s = (in+a+a-rf) nl2+(dn+a)p}q 

i.e., p '/ff= jt— * 

' nd+a 

(Hi) SERIES IN GEOMETRIC PROGRESSION 

Rule for obtaining the amount which a given sum increasing 
in a geometric progression would become after a given 
period : 

94. When the number of terms of the series (i.e., the 
number denoting the period) is odd, subtract 1 from it 
and write 'multiply (by the common ratio)'; and when the 
number of terms of the series is even, halve it and write 
'square'. (Apply the same rule to the resulting number, and 
continue the process till the number reduces to zero.) 
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Having thus written down 'multiply' and 'square' in a 
sequence (write 1 thereafter). Then starting from 1 
backwards, perform the operations of multiplication and 
squaring, and finally multiply the resulting quantity by the * 
first term of the series (i.e., the given sum). 1 

Given the geometric series to n terms 

the object of this rule is to obtain the value of the (n+l) lh term, 
i. e., ar n . 

Ex. 108. Some businessman, taking 3 rupas with him, 
went out to make profit. If his capital becomes double after 
every month, what will it become after 3 years ? 

Here the given sum = 3 rupas, increase-ratio = 2, and the period = 3 
years, i. e., 36 months. 

Therefore we have to consider the geometric series, whose first 
term ~ 3, common ratio — 2, and the number of terms = 36. 



Proceeding according to the rule, we have 



No. of terms of the series 


Operation 


Write 


36 (even) 


36/2 ( = 18) 


square 


18 (even) 


IS/2 (=* 9) 


square 


9 (odd ) 


9-1 (= 8) 


multiply 


8 (even) 


8/2 (=4) 


square 


4 (even) 


4/2 (= 2) 


square 


2 (even) 


2/2 (= 1) 


square 


1 (odd ) 


1-1 (= 0) 


multiply 


Denoting 'square' by 


s and 'multiply' by m, 


and writing them 


sequence and 1 in the end, 


we get 




s s 


m s s s 


m 1 



i Cf. GSS, ii. 94, vi. 3 Hi; MSi, xv. 52-53 (i); Si£e, xiii. 25; L (ASS), 
p. 119, vs. 131; GK, I, p. 127, lines 8-11. 
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Proceeding from 1 backwards, and performing the operations of 
•multiplication (by the common ratio 2) J and 'squaring', we suc- 
cessively get 



s 


s 


m 


s 


s s 


s 


s 


m 


s 


s 2» 


s 


s 


m 


s 


2* 




s 


m 


2* 






s 


2* 






s 










236 











Finally multiplying 2 s * by the first term of the series, we get 3x2 8 *, 
S. e., 206158430208, 

Rule for obtaining the sum of a series in G.P. when the first 
term, common ratio, and number of terms are known : 

95(i). The result obtained according to the previous 
rule, being diminished by the first term of the series, and 
(then) divided by the common ratio minus 1, gives the sum • 
of the series. 1 

That is, 

ar n — ft <• 

a+ar-\-ar*+... to * terms^ — — — ^— , r>]» 

Ex. 109. One man gets 3, and the other men in 
succession get in the ratio of 2. Quickly say, how much 
money will (the first) five men get. 

(&) MISCELLANEOUS PROBLEMS ON SERIES IN 
ARITHMETIC PROGRESSION 

Rule for finding the sum of the prices of a number of bangles, 
which are in an arithmetic progression, when the prices of 
the first and last bangles are known : 



i Cf. GSS, ii. 94, vi. 311i; MSi, xv. 53(H); L (ASS), pp. 119-120, 
vs. 130; GK, I, p, 127, lines 8-11. 
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95(ii). The multiplication of the number of bangles by 
half the sum of prices of the first and last bangles, gives the 
price (of all the bangles). 

This rule is evidently based on the following formula for the sum of ^ 
an arithmetic series : 

Sum of an arithmetic series= ^ rSt term ^ * a5t te — X ( n °- of terms). 

Ex. 110. The first bangle is obtained for 8 panas, and 
the last bangle for 13 panas. If the total number of the 
bangles be 24, say what is the price of all of them. 1 

The first bangle means the smallest bangle which lies at the wrist 
ahead of all the other bangles, and the last bangle means the biggest 
bangle which lies behind all the other bangles. 

Rule for finding the time in which two persons, one travelling 
with a constant speed and the other accelerating his initial 
speed by a given quantity per day, would traverse the same 
distance : 

96. Having subtracted the initial speed from the 
constant speed, divide the remainder as multiplied by 2 by 
the acceleration in velocity. The quotient plus 1 gives the 
time elapsed (in term of days) when the distances traversed 
are equal.* 

Suppose that one person travels with a constant speed u per day, 
while the other starts with speed v per day on the first day and then 
accelerates his speed by /per day per day. Also suppose that the two 
persons traverse the same distance in n days. Then 

un= -|[2» + (»-!)/]. 

Hence 

" — r~ +L 

Ex. 111. One man goes with initial speed 3 (yojanas) 
per day and acceleration 1 (yojana ) per day per day, and 
another man goes with the (constant) speed of 10 yojanas per 
day. In what time will they cover the same distance ? a 

1 Similar examples are found to occur in BhSskara I's comm. on A, 

ii 19. 

2 Cf. BM, III, Bl, 8 recto; GSS, vi. 319 (i); GK, I t p. 1 12, lines 4-5. 
s Cf. BM, III, B3, 7 verso; Bl, 8 recto ; GSS, vi. 320. 



PROBLEMS ON ARITHMETIC SERIES 



79 



Rule for finding the number of days elapsed when two 
travellers, starting at a specified interval of time, meet each 
other for the second time after their first meeting : 

97-98. In relation to the first traveller, assume an 
arbitrary number, greater than the caya (i.e., acceleration) 
for the second traveller, for the caya (i.e., acceleration) ; and 
another arbitrary number (ista) for the mukha (i.e., initial 
speed). In relation to the second traveller, assume another 
arbitrary number to denote the pada (i.e., the number of days 
elapsed at the first meeting); and from the corresponding 
pada (i.e., the number of days elapsed at the first meeting) for 
the first traveller, calculate the adi (i.e., the initial speed) for 
the second traveller. 

Now divide the phala (i.e., the distance travelled by each 
traveller at their first meeting) severally by the padas (for the 
two travellers) and take the difference of the two; diminish 
that (difference) by half the difference of caya X pada for 
the two travellers ; and then divide that by half the diffe- 
rence between the cay as (for the two travellers) : the quotient- 
gives the days elapsed at the second meeting (of the two 
travellers) (since the first meeting). 1 

That is to say, the number of days (D) elapsed at the second meeting 
of the two travellers since their first meeting is given by 

D ~ Hfi-f*) 

where /i and/ 2 are the accelerations of the two travellers, n is the number 
of days elapsed at the first meeting since the start of the first traveller, 
(n-d) is the number of days elapsed at the first meeting since the start of 
the second traveller, and s is the distance travelled by the two travellers at 
their first meeting. 



i Cf. GK, L p 1 10, lines 9-14, and p. 11 1, lines 1-2 
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Let the initial speeds, etc., of the two travellers be as follows : 

Initial speed Acceleration No. of days elapsed since start 
H at the first at the second 

meeting meeting 

I fi S\ » ■+?_ 

ii ., /. *- d+D 

Then s, the distance travelled by the travellers at the first meeting, 
and i„ the distance travelled by them at the second meeting, are given by 

, = ;-p,,+ c- D/j-f^i+c-'- ')/.]- <« 

J ,.^ [ 2„ 1+ ( n+ D- 1 )/ l ]="~^[2^+(»-i+D-l)/ i .l. (2) 
Using (1), (2) can be written as 



whence 



B HTW**) 



Ex 112. After one man had travelled for 6 days with 
some (unknown) initial speed {adi) and acceleration (after*)* 
another man went by the same track with (an unknown 
initial speed and) acceleration 2 per day per day. Say how 
will they meet each other two times (on the way). 1 

Rule for finding the amount by which one gambler defeats 
his opponent in a play with dice, when the moneys staked at 
the successive casts of dice are in an arithmetic progression : 

99-101. Diminish the first pada (i.e., the number of 
casts of dice won in the beginning by either of the two 
persons) by one ; (taking the remainder as the number 
of terms) find the sum of the series whose first term {adi) 
and common difference (caya) are each one : this is the vrddhi 
(for the first pada). In regard to the other padas (i.e., the 
number of casts of dice won subsequently), take the sum of 
the preceding^ for the first term (prabhava), one for the 

* Qf. GK, /, p. U I, lines 4 7. 



PROBLEMS ON ARITHMETIC SERIES 8 1 

common difference (and the padas for the number of terms, 
and find the sums of the series. These will give the vrddhis 

for those padas). 

Now taking the sum of all the padas (for the pada\ find 
the sum as in the Case of the first pada \ then diminish that 
(sum) by twice the vrddhis corresponding to the padas of the 
lesser group (i.e. the padas corresponding to the person who 
Wins lesser number of casts) ; then multiply (the remainder) 
by the (given) common difference ; and then add that (pro- 
- duct) to°the product of the (given) first term (adi) and the 
difference of the padas (of the greater and lesser groups): 
this gives the amount by which the person with greater 
number of padas (i.e., casts of dice in his favour) is victorious. 
If that quantity be negative, then it gives the amount by 
which the person with lesser number of padas is victorious. 

Suppose that two persons A and B gamble with dice, and that they 
alternately win p X ,p*, Ps and casts. If the stake-moneys of the casts 

be in the arithmetic progression 

a , a-\-d > a-\-2d , ... , 
then the amount won by A 

& [«+(fl+d) + (a-f2i) + ... to p t terms] 

+ [{a+U> l +Pi)d}+{*+(Pi+P*+ l W+'" to P* terms 3- 

±= li[2a+(/>i - l)rf]+ ^[2 {a+fr+p*d)+{pt- Hrf] . 

arid the amount won by B 

= [{a+p l d)+{a+(p l +l)d} + {a+(p 1 +2)d\+ .... to/>, terms] 

+ [{a+(Pi+p*+P»W+\* + U>l+fi*+P9+V d \+ •"' to/'4 terms l 
t. ^[:( fl+ ^ 1 rf) + (^ T l)rf]+^.[2(a+^ 1 +^ B +^+^ - Dd]. 

Suppose that p^p^pt+p*, then the person with greater number 
■of casts in his favour, viz. A, is victorious by the amount 

= ^ [2a+ - 1 ) d] + [2(fl+^+?!rf) + (/>s - 1 )«*] 

a iPi+P* -H -Pd+dlUpi+Pz+H+P* - 3) (Pi+Pz+Ps+Pa) 

- 2 {§-(2*» + />« - l)+| s (2(Pi+Ai+/»)+>4- l)} ]• 
Hence the rale. 
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Ex. 113. In a gamble two (persons) alternately won 
30, 10, 100 and 8 casts of dice (with stake-moneys) be- 
ginning with 9 and increasing (successively) by 6. Say who_ 
is the winner. 

Ex. 114. If the casts of dice (alternately won by the two 
persons) be 7, 3, 9 and 12, and the first term and com- 
mon difference (of the series formed by the stake-moneys) 
as stated before, then say after calculation who wins, if you 
know (the method). 

Ex.115. In a gamble two (persons) alternately won 
from each other 4, 3, 2 and 2 casts of dice (with stake-moneys) 
beginning with 1 and increasing (successively) by 6. Say 
who is the winner. 

(») SERIES OF SQUARES, CUBES, AND SUCCESSIVE SUMS OF 

NATURAL NUMBERS 

r=« r=n 
Rule for finding the sum of Zr+raM-rc 3 and of 2>* : 

102. The number of terms plus one, as multiplied by 
twice the number of terms plus one, being (further) multiplied 
by half the number of terms, gives the sum of (i) the sum of a 
series of natural numbers (from 1 up to the given number of 
terms), (ii) the square of the number of terms, and (iii) the 
cube of the number of terms. 

That divided by 3 gives the sum of a series of squares of 
natural numbers. 
That is 

r=l 1 

(2) 2 x" 9 — (2n+ 1) (n+l)w 
r= 1 2x3 



1 For an alternative formula, see GSS, vi. 296; GK, I, p. 116, 
lines 3-4. „ 

* Cf. A, ii. 22; BrSpSi, xii. 20 (i); SiSe, xiii. 22 (i); L (ASS), I, p. 113, 
vs. 19 (i); GK, I, p. 117, lines 1-2. 
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Ex. 116 (i). Say what is the sum of (i) the sum of 
the first five natural numbers, (ii) the square of 5, and (iii) the 
cube of 5. 

Ex. 116(H). Also (say), if you know, the sum of the 
squares of 5 terms of the series whose first term and common 
difference are each unity. 

r — n m = nr = m 

Rule for finding the sum of r and of 21 2> : 

r== l m*= 1 r=L 

103. One-half of what is obtained by adding the 
number of terms to the square of the number of terms, when 
multiplied by itself, gives the sum of the cubes of natural 
numbers (from 1 up to the given number to terms) ; and when 
multiplied by the number of terms plus 2 and divided by 3, 
gives the sum of the successive sums of those natural numbers. 
That is, 



<«>» 

r=l 1 * J 

(2)* r ir =^-4 — - * 

Ex. 117. Friend, quickly say what is the sum of the 
Cubes of 10 terms of the series whose first term and common 
difference are each unity ; and also the sum of the successive 
sums of those terms. 

m — n r = m r—n r=n 

Rule for finding the sum of S. T r 4- £ r* + 51 r* : 

m~lr=l t=l r«=l 

104. The number of terms, as multiplied by the square 
of (the sum of) the number of terms plus one> when (further) 
multiplied by the number of terms plus two and divided by 
four, gives the sum of (i) the sum of successive sums of natural 
numbers (from 1 up to the given number of terms), (ii) the 
sum of squares of those natural numbers, and (iii) the sum of 
cubes of those natural numbers. 

i Cf. i7iL22(ii) ; BrSpSi, xii. 20(H); GSS, vi. 301 ; Si$e, xiii. 22(H); 
£,(ASS), /, p. 1 13, vs. 1 19(ii); GK, I, p. 117, lines 3-4. 

* Cf. A, ii. 21; BrSpSi, xii. 19; SiSe, xiii. 21; £(ASS), /, p. 112, vs. 117. 
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That is 

rc=l r=l r=l r=l 4 
Ex. 118. Friend, if you know then say after calculation 
the sum of (i) the sum of successive sums of the first 6 natural 
numbers, (ii) the sum of the squares of the first 6 natural 
numbers, and (iii) the sum of the cubes of the first 6 natural 
numbers. 

(vi) SERIES OF SQUARES AND CUBES, ETC. OF THE TERMS 
QF AN ARITHMETIC SERIES 

Rule for finding the sum of the squares of the terms of the 

r = « » 

series 21 {a+(r—\)d' : : 

105. The sum of the ( arithmetic ) series with 
twice the common difference, when multiplied by the first 
term and (then) increased by the sum of the squares of the 
natural numbers ranging from 1 to one-less the number of 
terms, as multiplied by the square of the common difference, 
gives the sum of the squares of the terms of the (given arith- 
metic) series. 1 
That is, 

r = l 1 J 

= [a + (a+2^) + (fl+4.-f)+...to n terms]xa 
+[ 13 + 2s + 3a-f".+( W -l) a ]xrf 2 . 
Ex. 119. Tell me the sum of the squares of (the first) 
six terms of the (arithmetic) series whose first term is two and 
common difference three. 

Rule for finding the sum of the sums of series of natural num- 
bers each beginning with 1, whose number of terms are the 
terms of a given arithmetic series : 

106. Having obtained the sum of the squares of the 
terms of the (arithmetic) series with (given) first term, 

i The same rule occurs in GK, I, p. 119, lines 7-8, and p. 12^, 
lines 1-2. For further rules, see GSS t vi. 298, 299. 
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common difference and number of terms, as before, add to 
it the sum of the same (arithmetic) series, and (then) reduce 
that (resulting sum) to half : the result (thus obtained) is the 
sum of sums of the natural series (beginning with 1 and ending 
with the terms of the given arithmetic series). 1 
That is to say, 

(I4. 2 -f3 + to a terms) + (1 +2+3+... to a+i terms) + 
( 4_2 +3 + ... to a+2i terms) +... to « terms. 

_ f =" fr+(r-l)rfH«+(r-l)rf+lj 
r—1 

= * ['s («+^Trf) I + SlWr^Trf) ]. 
r= 1 r=l 

Ex. 120. O the best of mathematicians, say the sum of 
the sums of series of natural numbers (each beginning with 1), 
whose number of terms are the first six terms of the arithmetic 
series with 3 as the first term and 5 as the common difference. 

Rule for finding the sum of cubes of the terms of an arithme- 
tic series : 

107. To the square of the sum of the (given arithmetic) 
series, as multiplied by the common difference, add the 
product of the first term and the sum of the series, as multi- 
plied by the first term minus the common difference : the 
result is the sum of cubes of the terms of the (arithmetic) 
series with given first term and common difference. 3 

That is, 

*3 4- (0+</) s +(a+2</)3 +...+{<*+(«- l)d\* 

r=n 

r=l 

=S 2 xd+aSx(a-d), 
r = n 

where S = ^ \a+(r~ \)d\ . 
r=l 

Ex. 121. Say after adding together the cubes of the 
four terms, which begin with 5 and increase successively by 2. 

1 For other rules, see GSS, vi. 305-305^ and GK, /, p. 117, lines 1146. 
■ Cf. GSS t vi. 303; GK, I, p. 121, lines 2-3, and p. 122, lines 1-2. 
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(3) Determinations pertaining to plane figures 

(Ksetra-vyavahara) 
(i) INTRODUCTION 

Fundamental property of rectilinear figures r 

108. (In rectilinear figures) the sum of all sides except 
one, is neither equal to nor less than the side excepted, 
because a curved path is neither less than dor equal to the 
straight path. 

What the author means here to say is that a rectflinear figure, such 
as a quadrilateral or a triangle^ is possible only when each of its sides is 
Fess than the sum of the remaining sides. 

Ntrayana has made this statement more clearfy : 

"When in a rectilinear figure, the sum of the other sides is less than 
or equal to the greatest side, ft is impossible." 1 

Aryabfaata II states the same condition as follows ' 

"When {in a rectilinear figure) each side is less than half the sum 
of all the sides, it is possible ; when (on the other hand) half the sum of 
all the sides is less than (or equal to) any one of the sides, it is im- 
possible.'* 2 

Condition for the existence of c the perpendiculars dropped 
from the vertices to the base' and 'the segments into which 
the base h divided by them' in the case of a quadrilateral : 

109. Only in those (quadrilateral) figures in which the 
square of base minus face exceeds the product of the difference 
and sum of the flank sides, do £ the perpendiculars dropped 
from the vertices to the base 1 (Jamba) and £ the segments into 
which the base is- divided by them y (abadhdi) exist. 

NaYtyana has criticised this rule.* His criticism, however, is not 
well-grounded as it is based on an impossible quadrilateral. 



* Git, ll, p. 48, Irnes 8- 1 1. So alsa says Bh&skara II. See L (ASS)v 
pp. 151-152, vs. 163. 

2 MSi, xv, 64. 

* GK, II p. 49. 
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Enumeration of primary plane figures : 

110-111. The rectangular quadrilateral, the equilateral 
quadrilateral, the equi-bilateral quadrilateral, the equi-trila- 
teral quadrilateral, the inequilateral quadrilateral, the equi- 
lateral triangle, the scalene triangle, the isosceles triangle, the 
circle, and the segment of a circle-these are the ten (primary) 
plane figures; the areas of these (figures) should be determined 
by applying their own rules. And by considering (the shape 
in terms of ) these (figures) should be obtained the areas of 
other figures, such as (those of the shape of) an elephant's 
tusk, a felloe, etc. 

NSrayana, too, like Sridhara takes the primary plane figures to be 10 
in number. But his list of primary plane figures differs from that of 
Sridhara in so far as "the segment of a circle" has been replaced by him 
by "the conch -figure." 

MahSvira gives the following list of 1 6 primary plane figures : . 
(1-3) Three varieties of triangles, equilateral, isosceles, and scalene ; 

(4-8> Five varieties of quadrilaterals, equilateral, equidichastic (dvi-dui- 
sama), equibilateral, equitriiateral, and inequilateral ; 

(9-16) Eight varieties of curvilinear figures, a circle, a semi-circle, an 
ellipse, a conchiform area, a concave circle, a convex circle, an 
outlying annulus, and an in-lying annulus. 

Mahavira's classification of quadrilaterals deserves special attention, 
as it differs from that of Sridhara. Sridhara's commentator has referred 
to this classification, and has tried to justify Sridhara's classification. 

On a formula for the area of a triangle or a quadrilateral : 

112-114. (It is said that) the product of half the sums 
of the sides and counter sides (i.e., the product of half the 
sum of the base and face and half the sum of the flank sides) 
of a triangle or a quadrilateral, gives the gross value of the 
area.a But this result is true only for those figures in which the 
difference between the altitude and the flank sides is small. 
In the case of other figures the above result is far removed from 

1 Reference is evidently to BrSpSi, xii. 21 (i) where this rule is given. 
This rules occurs also in GSS, vii. 7(i), MSi, xv. 66. and GK, II, p. 3, vs. 8. 
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the truth ; as for example, in the case of the triangle having 13 
for the two (flank) sides arid 24 for the base, the gross area is 
156, whereas the correct area is 60. 

I shall therefore state the methods for obtaining the 
accurate results only. 

(if) AREA OF THE QUADRILATERAL WITH EQUAL 
ALTITUDES AND OF THE TRIANGLE 

Rule for firfding the area of a quadrilateral in which the per j 
pendiculars dropped frdm the vertices to tfie base are equal, 
and that of a triangle : % 

115. In the case of a quadrilateral, in which the per-' 
pendiculars dropped from the vertices to the base are equal,, 
and a triangle, half the sum of the base and the face, multi- 
plied by the altitude, gives the area. 1 
That is?, 

(J) area of a quadrirateral with' parallef bas* and fac©* 
^_base + face x 

(ii) area of a triangle ^ \ base % altitude. 

Ex. 122. In an equilateral quadrilateral, the face, the 
base, and the altitude are all equal to the flank sides, each 
being cubits in length. Say, friend,, what is the area of 
that (quadrilateral), 

Ex. 123. Give out the area of that rectangular quadri- 
lateral in which the base and face are each S| cubits, and the 
flank sides and altitude each- 3 cubits. 

Ex.124. In a triangle the (flank) sides are 4-i and? 
3j cubits^ the base is 3£ cubits, and the altitude is 3 cubits. 
What is the area of that ? 

Ex. 125. In an equilateral triangle the base is 8 J cubits, 
and the altitude is 7 cubits and 8§ ahgulas. What is the area 7 
thereof I 

1 The same rule is given in MSi t xv. 78; Si&e, xiii. 30;Z,(ASS)^p. 162* 
line 3- y GK, i/, p. 42,. lines 10-1 1; and page 50* lines 13-^14. 



PLANE FIGURES 



89 



Ex.126. If you know the method of finding the area 
of plane figures, say the area of the isosceles triangle, whose 
(flank) sides are (each) 5 cubits, altitude is 3 cubits, and base 
8 cubits. 

Ex. 127. In a quadrilateral, the face is 1^ cubits, the 
base is 9| cubits, the (flank) sides are (each) 5 cubits, and 
the altitude is 3 cubits. What is the area of that ? 

Ex.128. Say what will be the area of the (quadrila- 
teral) figure, whose base is 39 (cubits), (flank) sides and face 
are (each) 25 (cubits), and altitude is 24 (cubits). 

Ex. 129-30. In an inequilateral quadrilateral with equal 
altitudes, the base is 10 cubits, the face is 4£ (cubits), the flank 
sides are 9-| and 6+| (cubits), and the altitude is 6| cubits 
minus of an ahgula. What is the area thereof? 

Instruction regarding plane figures of the shape of an elep- 
hant's tusk, a felloe, a crescent moon, and a thunderbolt : 

116. A figure of the shape of an elephant's tusk (may 
be considered) as a triangle, of a felloe as a quadrilateral, 
of a crescent moon as two triangles, and of a thunderbolt as 
two quadrilaterals. 1 

Ex. 131. What is the area of (the figure of the shape of) 
an elephant's tusk whose base is 2 cubits and altitude 3 cubits ; 
and also of the figure of the shape of a felloe whose base and 
face are (each) 3 cubits and altitude is 10 cubits ? 

Ex. 132. The central length of (a figure of the shape 
of) a crescent moon is 8 cubits, and the central width 3 
cubits. Treating it as made up of a pair of triangles, quickly 
say what its area is ? 

Ex. 133. In (a figure of the shape of ) a thunderbolt, 
the central length is 10 cubits, the faces are each 5 cubits, 
and the central width is 2 cubits. What is its area, if it be 
regarded as made up of two quadrilaterals ? 



1 Similar statements are made in MSi, xv. 101 and GK t JI 9 p. 10, 
lines 2-4. 
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(iii) AREA OF THE QUAD RI LA TERAL WITH UNEQUAL 

ALTITUDES 

Rule for finding the area of a quadrilateral with unequal 
altitudes, when its sides are given : 

117. Set down half the sum of the (four) sides (of the 
quadrilateral) in four places, (then) diminish them (respec- 
tively) by the (four) sides (of the quadrilateral), (then) multi- 
ply (the resulting numbers) and take the square root (of the 
product) : this gives the, area of quadrilaterals having (two or 
more) equal sides but unequal altitudes and also of quadri- 
laterals having unequal sides and unequal altitudes. 1 

That is to say, if a, b, c, d be the sides of a quadrilateral with un- 
equal altitudes, and s half the sum of those sides, then the area of the 
quadrilateral 

Our author, like Brahmagupta and other early Hindu mathema- 
ticians, has committed here an error in declaring the above formula as 
applicable to all quadrilaterals (with unequal altitudes) , when in fact it is 
applicable to cyclic quadrilaterals only. The formula which is applicable 
to all quadrilaterals, in general, of which it is only a particular case, is 
as follows : 

area of a quadrilateral^^iO - a ) { s ~b) {s- c) (s- d) ~ abed cos 2 a| 
where a, b % c, d are the sides of the quadrilateral, s is half the sum of those 
sides, and <x is half the sum of a pair of opposite angles of the quadri- 
lateral. 

The earliest Hindu mathematician who pointed out the inapplicabi- 
lity of the above formula to a quadrilateral having only its sides given was 
Aryabhata II (c. 950 A.D.). He writes : 

1 According to Brahmagupta and Mah&vlra, this rule gives the 
accurate area for a quadrilateral in general. See BrSpSi, xii, 21(ii) ; and 

GSS, vii. 50 (ii). The same rule occurs also in Side, xiii. 28. Aryabhata II 
has pointed out that this rule gives the accurate area in the case of a 
triangle only and not in the case of a quadrilateral. See MSi, xv. 69. So 
also write Bh&skara II and NarSyana. See L (ASS J, p. 156, vs. 169; 
and GK t II, p. 39, lines 13-14 and p*. 40, lines 1-2. 
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''The mathematician who wishes to tell the area or the altitudes 
of a quadrilateral without knowing a diagonal, is either a fool or a 
blunderer/' 1 

Rule for finding an approximate value of the square root of 
a non-square number : 

118. Of the non-square number as multiplied by some 
large square number, extract the square root, neglecting the 
remainder ; and divide that by the square root of the multi- 
plier.* 

That is to say, multiply the non-square number by some large 
square number (chosen at pleasure) ; then find out the square root of 
that product, neglecting the remainder ; and then divide that square 
root by the square root of (the square number, which was taken as) 
the multiplier. 

We illustrate this rule by the following two examples : 

Ex. 1 . Show that y'lO = 3-f approximately. 

Choose 49 for the square number Then multiplying 10 by 49 , we 
get 490. Extracting the square root of 490, we get 22 as the square root 
and 6 as the remainder. Neglecting the remainder, and dividing 22 by 
the square root of 49, i.e., by 7 , we get 3£ . 

Ex. 2. Find the square root of 3 » correct to 2 decimal places. 

Choose 1000000 for the square number. Then multipling 3 by 
1000000, we get 3000000. Extracting its square root we get 1732 as 
the square root and 175 as the remainder. Neglecting the remainder, and 
dividing 1732 by the square root of 1000000, i.e., by 1000, we get 1"732. 
Hence the square root of 3 correct to 2 decimal places is T73 . 



*m 3T^fcT m^t jftasV fosir^t <H ll (MS, xv. 70) 
Also see L (ASS), pp. 1 59-160. 

1 For similar rules, see MSt, xv. 55, or Side, xiii. 36 ; L (ASS), 
p. 132, vs. 140 ; G/T, //, p. 33, lines 4-7. 
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It is evident that the larger the square number is chosen, the better 
will be the approximation. Hence the above rule. 

In the Bakhskad Manuscript the following formula is used for finding 
an approximate value of the square root of a non-square number ; 
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i 55; 210; 465; 820; 1275; 1830; 2485 ; 3240 ; 4095; 
5050 ' 10 ; 20 ; 30 ; 40 ; 50 ; 60 ; 70 ; 80 ; 90 ; 100. 
a 4995 ; 4840; 4585; 4230; 3775 ; 3220; 2565; 1810; 955; 0. 
3 27216 ; 33152 ; 483900 . 4 - 1, 4. 9, 16, 25, 36, 49, 64, 81,625, 1296, 
3969, 186624, and 60871204. 5 1 5 8 ; 27 ; 64 ; 125 ; 216 ; 343 ; 512 ; 
729; 3375; 16777216 ; and 8365427. 6. l x \ ; Hi . 7- If 5 I ; 3 . 
8. I ; h • 9- 13* . IO - 3 t 5 1501 * "■ 2 ^ ; 1?T * ' I2, 6i ; 

232A ; i J 4 - "3- 4211 ' 5132u ; A ; ^ ' 14 ^ ; ' 
15. ,W 3 i • l6 - 30 • x 7- 5 U. 18. 15iSf. 5rt. 20. 12H • 

si. 22. 5/,Vn puranas. 23. 4|# . 24. 10H • 2 5 V» 

panas ; or 4 puranis, 13 ^fl«<M, 2 kakinis, and 16 varatakas. 26. 10H/> fl ^ i 
or 10 ^a/or, 1 ftarjfl, 3 masas, and 4| gw«/2j. 27, 87§£. 28. 2 dVona*, 
1 adhaka, and 2^f prasthas. 29. 3±f£ rw^w. 3°- 8 raonths and 26 £ da V s " 
31. 33600 years. 32. 9m days. 33. 19^ days. 34. 26| necklaces. 
35. 250 suvarnas. 36. 244 suvarnas a 5 maw, and 4 A gunjas. 
37. 450 blankets. 38. 122 suvarnas, 8 masas, and 4|f gunjas. 
39. Interest = 36. 40. 20m . 41. 2362£. 42. 1|||. 43- ^Ipanas; 
or 2 puranas, 6 panas, and 1 kakinu 44. 60 . 45. 33| . 46. 49g . 
47. 3dronas, adhaka, 3 prasthas, and If kudavas. 48. 2 £a/<w of long 
pepper. 49. 25 wood-apples. 50. 64. 51. 200. 52. Capital = 60 ; 
Interest « 36. 53. Capital = 33| ; Interest « 3 . 54. Capital = 500; 
Interest = 300 ; share of surety =60 ; share of calculator = 30 ; and share 
of scribe = 15. 55-56. The debtor is relieved of his debt in 2 months 
and 21x?U days. In this time the rich man gets 109 T ?|» rupas in all, the 
profit being 9 T ?I^ rupas. 57-58. Principal - 1000 ; time = 8 months 
and 3 days ; and rate per cent, per month = 4. 59. Principal = 100 ; 
time = 8 months and 17 days ; and rate per cent, per month = 4£ . 
6o(i). 20 months. 6o(ii). 7 months, 4 days, 17 ghatikas, and 8$ casakas. 
61. llg*i varnas. 62. 9al varnas. 63. varnas. 64, 16 masas. 

65. \\%vainas. 66. 5 masas. 

67-68. varna gold of varna 1 6 gold of varna 10 



16 



2 masas 



masas 



15! 
15* 

15 



23/12 „" 
22/12 „ 
21/12 „ 




1/12 

2/12 
3/12 
4/12 
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69. One is of weight 2 wiarcw and z>araa 12 ; the other is of weight 3 masas 
and 8. 70. One is of weight 5 masas and z?<mia 14 ; the other is of 
weight 7 masas and varna 10. 71. 30 prasthas ; 45 prasthas ; 75 prasthas ; 
and 60 prasthas respectively. 72. 900 prasthas, 600 prasthas, and 200 prasthas 
respectively. 73-74. 49/32 kudavas of mudga (seeds of phasiolus mungo) and 
49/64 kudavas of rice, the respective prices being 63/32 />jhoj and 49/32 
panas. 75. 14/37 palas of asafoetida, 14/37 ^afoy of long pepper, and 14/37 
palas of dry ginger, the respective prices being 28/37 pana, 7/37 pana, and 
2/37 pana. 

76. There will be infinite solutions. The commentator obtains two 
solutions in the first case, viz., 

rate of purchase : 1 7 artieles for 1 j 20 articles for 1 1 
rate of sale : 6 artieles for I / ' 7 articles for 1 / ' 

and one solution in the second case, viz., 

rate of purchase : 240 articles for lj 

rate of sale : 7 articles for 1. 

77. One solution as given by the commentator is : 

rate of purchase : 40 articles for 1, 
rate of sale : 22 articles for 1. 



ANSWERS 



95 



78-79. The Following are the 16 valid integral solutions : 

0) (2) (3) (4) 

Number Price Number Price Number Price Number Price 

Pigeons 
Cranes 
Swans 
Peacocks 

(5) (6) (7) (8) 

Number Price Number Price Number Price Number Price 

Pigeons 
Cranes 
Swans 
Peacocks 



15 


9 


55 


33 


5 


3 


30 


18 


28 


20 


21 


15 


56 


40 


21 


15 


45 


35 


9 


7 


27 


21 


36 


28 


12 


36 


15 


45 


12 


36 


13 


39 



10 6 


20 


12 


15 
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35 


21 


42 30 


14 


10 


63 


45 


42 


30 


36 28 


54 


42 
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7 


9 
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12 36 


12 


36 I 


13 


39 J 


14 


42 



(9) * 
Number Price 



(10) 
Number Price 



Number Price 



(12) 
Number Price 



Pigeons 


20 


12 


40 


24 


60 


36 


25 


15 


Cranes 


4? 


35 


28 


20 


7 


5 


35 


25 


Swans 


18 


14 


18 


14 


18 


14 


27 


21 


Peacocks 


13 


39 


14 


42 


15 


45 


13 


39 



(13) (14) (15) (16) 

Number Price Number Price Number Price Number Price 



Pigeons 
Cranes 


45 


27 


35 


21 
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10 
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14 


10 


7 


5 


21 


15 


7 


5 


Swans 


27 


21 


45 


35 


63 


49 


72 


56 


Peacocks 


14 


42 


13 


39 


11 


33 


U 


33 



Of these sixteen solutions, the first four have been given by the com- 
mentator. 



80. The commentator gives the following solutions : 

(1) (2) (3) (4) 



(5) 



Fruits Prices Fruits Prices Fruits Prices Fruits Prices Fruits Prices 



Pomegranates 

Mangoes 

Wood-apples 



16 
60 
24 



32 
36 
12 



17 
45 
38 



34 
27 
19 



19 
15 
6b 



38 
9 
33 



18 
30 
52 



36 
18 

26 



15 
75 
10 



30 j 
45 
51 



81*82. After 8 days, 2l r \ ghatikas. 83. The meeting takes place 
after 20 days when the travellers are at a distance of 40 yojanas from the 
starting place. 84-85. 2 panas and 3 hakims. 86-87. 6, 14, 26, and 
50 respectively. 88. The two persons stopping away after going 
over 1 kro'sa receive 6| ; the three persons stopping away after going over 
2 krosas get 22| ; and the five persons who go over 3 krosas receive 701 • 
89-90. 12, 27, 47, 77, and 137 respectively. 91. X V of a day. 
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92. 4 jack-fruits. 93-94- 2 krosas and 3 krosas respectively. 

95. 63. 96. 12 cubits. 97. 360. 98. 20 cows. 99. 36. 
100. 9. 101. 25. 102. 24/5. io3(i). 40; f. 103(H). 0. 
104-105. 2 panas and 2f kakims. 106. 29|. 107. 6f. 108. 
206158430208. 109. 93. no. 252 panas. in. 15 days. 112. 
If the first traveller travel with speed land acceleration 6 and meet 
the second traveller for the first time after 10 days, then the second 
meeting of the two travellers will occur 8 days after the first meeting. 
113. The first man wins, the amount won being 48360. 114. The 
second man wins, the amount won being 101^. "5- The second 
man wins, the amount won being 25. 116(1). 165. n6(ii). 55. 
117. 3025 ; 220. 118. 588. 119 699. 120. 986. 121. 

2528. 122. 2| square cubits. 123. 16§ square cubits. 124. 
5| square cubits. 125. 3lA\ square cubits. 126. 12 square 
cubits. 127. 16 square cubits. 128. 768 square cubits. 

129-130. 46 g^Vs square cubits. 131. 3 square cubits ; 30 square 

cubits. 132. 12 square cubits. 133. 35 square cubits. 



